SAVE  ENERGY !! 


Watkins-Johnson  reduces  drive  signal 
without  sacrificing  performance . 


Because  our  Laminarflo®  electron  gun 
produces  substantially  more  current  to  the 
screen  for  a  given  input  signal  than  a  standard 
crossover  gun,  Watkins-Johnson  CRT's  will 
operate  with  30%  more  screen  current  or 
30%  less  drive  signal— without 
any  sacrifice  in  performance! 

This  means  you  can  use  a 
higher  bandwidth  video  amplifier 
and/or  a  lower  cost  video 
amplifier. 

Our  Laminarflo®  CRT's  are 
direct  replacements  for  existing 
crossover  guns.  So,  no  special 
or  unusual  potentials  are 


required. 

The  Laminarflo®  is  just  one  of  several 
CRT  models  built  by  Watkins-Johnson.  Our 
tubes  are  currently  in  the  new  A-6  VSD  and 
A- 10,  the  F-14  and  F-16,  the  Alpha-jet,  and 
various  ALR  systems. 

To  find  out  other  ways  of 
saving  energy,  money,  and 
improving  performance  in  your 
display— give  us  a  call. 

Contact  the  W-J  Field  Sales 
Office  in  your  area  or  phone 
CRT  Applications  Engineering 
in  Santa  Cruz,  Calif,  at 
(408)  438-2100,  ext.  308. 
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GRID  #1  POTENTIAL-VOLTS 


Reduced  grid  drive  with 
W-J  custom  CRT’s  at  competitive  prices. 
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Take  a  plane  -military,  commercial,  or  private.  Chances  are  9  out  of  10 
you’ll  find  Syntronic  Deflection  Yokes  and  Focus  Coils  in  critical  cathode 
ray  tube  display  equipment;  weather  radar,  navigation,  weapons  systems, 
landing,  monitoring,  communicating.  The  U.S.  Navy’s/Lockheed  S3A 
anti-submarine  plane  uses  14  Syntronic  components  in  7  critical  displays. 

Other  aircraft  display  applications  include  the  B52  Retrofit ,  F4-(D&E), 
F5E,  A6,  A7,  Fill,  A10A,  S3A,  FI 4,  FI 5,  FI 6,  AWACS,  MCRA,  Mirage, 
Viggen,  707,  727,  737,  747,  DC-8,  DC-9,  DC-10,  LI 011  and  many  private 
aircraft.  Call  or  write  Syntronic  Instruments,  Inc.  (312)  543-6444.  Ask  for 
Syntronic’s  Yoke  Selection  Guide  to  high-flying,  high-performance 
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NOW  AVAILABLE  FROM 
AYDIN  CONTROLS  . . . 


A  color  display  system  with  512  x 
512  resolution  at  a  60  Hz  repeat 
field  refresh  rate.  For  the  first  time 
512  flicker  free  lines  in  full  color 
can  be  resolved.  The  Aydin  Model 
521 4FS  Display  Generator  elimi¬ 
nates  flicker  by  outputting  data  at 
twice  the  conventional  rate  to  the 
Aydin  Model  8023  Ultra  High  Reso¬ 
lution  19  inch  color  CRT  Monitor.  A 
flicker  free  display  is  provided  while 
still  maintaining  full  image  and 
graphic  generation  capability.  The 
Model  521 4FS  provides  vector,  cir¬ 
cle  and  character  generation  in  ad¬ 
dition  to  color  look-up  tables. 

If  you  are  ready  to  leave  the  world 
of  flicker  behind  call  or  write  us 
today.  I 


AYDIN 


CONTROLS 


One  source  for  all  your  CRT 


display  requirements 

414  Commerce  Drive 
Fort  Washington,  Pa.  19034 


PHONE  (215)  542-7800 
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Message  From 


We  start  again 

With  this  issue  we  resume  publication  of  our  official  journal, 
INFIORMATION  DISPLAY, which  is  now  a  joint  effort  of  the  Society 
for  Information  Display  and  of  Benwill  Publishing  Corporation  of 
Brookline,  Massachusetts.  We  aim  to  make  it  informative  and  interest¬ 
ing  to  all  who  wish  to  be  informed  of  the  latest  developments  in  the 
fast-moving  field  of  information  display.  As  in  the  past,  information 
DISPLAY  will  contrast  with  and  complement  its  sister  publication,  the 
PROCEEDINGS  OF  THE  SOCIETY  FOR  INFORMATION  DISPLAY,  a  quarter¬ 
ly  archival  publication  with  a  comprehensive  review  cycle  and  stringent 
technical  referencing  standards.  Only  SIDmembers  and  subscribing 
libraries  receive  our  Proceedings. 

If  you  are  not  a  member  of  SID,  you  receive  this  issue  of  our  journal 
as  a  complementary  sample  copy,  sent  with  our  expectation  that  infor¬ 
mation  display  may  be  included  in  your  area  of  interest.  If  indeed  it 
is,  we  urge  you  to  join  SID.  A  membership  qualification  is  enclosed.  If 
you  are  a  member  of  SID,  you  receive  this  journal  at  no  extra  charge. 
INFORMATION  DISPLAY  is  also  available  on  a  subscription  basis. 

Member  or  not,  we  welcome  your  comments  and  will  be  pleased  to 
consider  articles  you  may  submit.  Send  all  submissions  to  our  Publica¬ 
tions  Chairman,  Tom  Curran,  c/o  the  Society  for  Information  Display, 
654  North  Sepulveda  Blvd.,  Los  Angeles,  CA  90049. 


Too  much  hardware? 

The  Society  for  Information  Display  was  formed  in  1962  as  an  inter¬ 
disciplinary  organization,  encompassing  display  systems  theory, 
psychological  and  physiological  effects,  and  display  system  develop¬ 
ments  as  well  as  display  devices.  Although  a  review  of  our  recent 
Proceedings  and  Symposia  Digests  shows  a  balance  in  all  of  these 


Sustaining 

Members 


The  President 


areas.  I'm  told  by  some  that  we  are  getting  a  reputation  as  strictly 
a  devices  society,  possibly  to  the  detriment  of  those  whose  interests 
are  primarily  in  software  or  systems. 

Is  that  true?  Have  we  changed  over  the  years?  You  know,  looks 
can  be  deceiving.  Advertisers  in  our  journal  and  exhibitors  at  our 
symposia  are  necessarily  hardware  oriented.  Who  ever  thought  tc 
run  a  software  ad?  It  is  true  that  our  Program  and  Chapter 
Committee  members  tend  to  be  hardware  types.  These  committees 
depend  on  a  hidden  industry  subsidy  of  travel,  time,  and  support. 

I  suspect  that  the  people  who  control  these  subsidies  feel  that 
they  are  getting  something  for  their  money  when  it  appears  to  re¬ 
late  to  hardware.  Thus,  there  is  some  tendency  for  SID  to  at  least 
look  like  a  hardware  oriented  society,  and  maybe,  indeed,  that  is 
what  we  have  become. 


I  would  appreciate  your  opinion  on  this  subject  and  any  sugges¬ 
tions  you  may  have  for  charting  a  different  course.  However,  I'm 
not  sure  we  can  make  any  rapid  changes.  In  some  ways  the 
Society  is  like  a  supertanker  running  at  full  speed  with  a  volunteer 
crew  (who  most  of  the  time  are  playing  pinochle  down  below).  But 
we  can  run  up  a  flag  on  the  bridge,  signifying  our  intention  to 
change  course  if  that  is  required. 

This  journal  is  your  forum  to  be  heard  on  such  subjects.  Please 
drop  me  a  note  at  the  Society  for  Information  Display.  Or  you 

may  find  it  more  convenient  to  contact  one  of  the  Chapter  Officers, 
all  of  whom  are  listed  on  page  34. 

Sincerely, 

Cl .  ^\AJ2Qyu!eJ^ 

Erwin  A.  Ulbrich,  President-SID 
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NEWS 

1977  SID  International  Symposium  and  Exhibition: 

Worldwide  Information  Display  Progress 


Over  100  scientists,  engineers  and 
educators  from  here  and  overseas,  in¬ 
cluding  representatives  from  England, 
Germany,  Switzerland,  France,  Japan, 
Holland  and  Canada,  will  present  over 
60  papers  and  participate  in  16  day- 


Vernon  J.  Fowler,  General  Chairman  SID  77 
GTE  Laboratories,  Waltham,  MA 


evening  sessions  at  the  1977  Society 
for  Information  Display  International 
Symposium  to  be  held  April  19-21  in 
the  Sheraton-Boston  Hotel. 

Invited  and  contributed  efforts 
covering  a  broad  scope  of  significant 
subjects  have  been  programmed:  plasma 
displays,  systems  and  applications,  integ¬ 
rated  displays,  video  games,  display  de¬ 
sign  criteria,  liquid  crystal  displays  and 
materials,  gas  discharge,  electrolumines¬ 
cence,  3-D  displays,  projection,  image 
processing  and  medical  display  appli¬ 
cations. 

Dr.  M.  Tribus,  Director  of  the  Center 
for  Advanced  Engineering  Study  at  the 
Massachusetts  Institute  of  Technology 
will  open  the  event  with  a  keynote  talk 
on  Moving  an  Idea  from  R&D  to  the 
Marketplace.  He  will  be  followed  by  a 
pair  of  topical  invited  addresses  on 
the  system  behind  color  TV  display 
and  the  perfect  TV  picture  by  Donald 
Fink,  formerly  IEEE  executive  director, 
and  W.  David  Wright  of  the  University 
of  London. 

At  the  annual  luncheon  on  Wednes¬ 
day,  April  20,  Dr.  Harold  Edgerton,  will 
deliver  a  talk  on  his  recent  expedition 
to  photograph  the  Loch  Ness  monster. 
Many  of  the  presentations  will  under¬ 
score  circuitry  and  design  improvements 
now  contributing  to  the  broadening  po¬ 
pularity  of  information  display  tech¬ 


nology.  One  paper  will  describe  an  add¬ 
ressing  system  for  ac  plasma  panels 
using  32-line  driver  MOS  ICs  mounted 
on  the  edge  of  the  display  panel,  af¬ 
fording  improved  alphanumeric  appli¬ 
cations.  Another  session  will  assess 


John  Flannery,  Program  Chairman,  SID 
Xerox  Corporation,  Webster,  NY 


video  games.  Panelists  will  survey  such 
current  factors  as  the  FCC  rules  on  ra¬ 
diation  and  the  burned  image  problems 
on  the  CRT  caused  by  excessive  brilli¬ 
ance  when  the  games  are  in  operation. 

Also  on  the  agenda  are  papers  on 
twisted  nematic  liquid  crystal  develop¬ 
ments  affording  better  visibility  and 
expanded  applications;  eventually  they 
may  replace  some  CRT  uses.  Another 
highlight  area  scheduled  for  comment 
is  electroluminescence  with  four  papers 
on  the  subject.  One  will  be  devoted  to 
new  dc  EL  blue,  green  and  red  displays 
offering  striking  results.  Sessions  on  3-D 
and  projection  displays  will  also  discuss 

Two-day  Seminar  on 

The  Symposium  Seminar,  sixth  in  a 
series  held  annually  with  East/West 
universities  in  juxtaposition  with  the 
SID  International  Symposia  has  been 
scheduled  for  Monday,  April  IS,  and 
Friday,  April  22,  at  the  Sheraton 
Boston  Hotel,  Boston,  Massachusetts. 
Cosponsored  by  the  Architecture 
Machine  Group,  Massachusetts  Insti¬ 
tute  of  Technology,  the  two-day  semi¬ 
nar  will  offer  eight  in-depth  one  and 
one-half  hour  tutorial  presentations 
on  a  range  of  interesting  and  signifi¬ 
cant  topics. 


new  trends  including  an  advanced  tech¬ 
niques  for  color  helography. 

The  evening  panels  a  traditional  fea¬ 
ture  at  SID,  will  include  four  sessions 
covering  integrated  display  systems, 
CRT  users  (a  workshop  session)  and  the 
two  subjects  noted  earlier:  3-D  and 
video  games. 

Following  the  day  sessions,  author 
interviews  will  be  held,  enabling  the 
speakers  and  attendees  to  chat  about 
their  papers  in  an  informal  atmos¬ 
phere,  within  many  cases,  operational 
prototypes  to  illustrate  further  design 
features  of  their  developments. 

As  in  the  past,  all  attendees  will 
receive  the  annual  DIGEST  of  TECH¬ 
NICAL  PAPERS,  offering  illustrated 
800-1000  word  condensations  of  all 
papers  —  keynote,  invited  and  contri¬ 
buted.  Additional  copies  will  be  avail¬ 
able  at  the  meeting  and  thereafter 
through  the  SID  office  in  Los  Angeles: 
$20.00  for  members  and  $30.00  for 
nonmembers. 

An  exhibition  with  components, 
accessories  and  systems  valued  over 
$5-million  will  be  held  in  a  hall  adja¬ 
cent  to  the  session  rooms.  This  year’s 
show  will  include  operating  models 
from  Germany,  England  and  France. 
The  show  will  open  on  the  first  day  at 
10:00  A.M.  and  close  at  5:30  P.M.  On 
the  following  day,  Wednesday,  the 
doors  will  be  opened  at  9:00  A.M.  and 
closed  at  5:00  P.M.,  and  on  the  final 
day,  the  hours  will  be  9:00  A.M.  to 
3:20  P.M.,  when  the  technical  program 
is  concluded. 

Information  Display 

Nicholas  P.  Negroponte,  Director 
of  the  Architecture  Machine  Group, 
MIT,  will  present  a  talk  on  television 
based  computer  graphics  and  its  rela¬ 
tionship  to  the  future  of  personal 
computers.  Robert  D.  Solomon,  Pro¬ 
fessor  of  Electrical  Engineering  at 
Worcester  Polytechnic  Institute,  will 
review  colorimetry,  the  psychophysics 
of  color  vision,  color  reproduction 
and  image  coding  to  develop  guide¬ 
lines  for  color  picture  processing  and 
graphics  systems. 

Commander  Donald  Schaff,  U.S. 
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Thomas  CRT's  meet  your  spots.  Rod  your  schedule. 


It's  one  thing  to  get  exactly  what  you  want. 

It's  another  thing  to  get  exactly  what  you  want  exactly  when  you  want  it. 

Thomas  does  both  for  you. 

We  make  CRT's  for  any  application.  Commercial.  Industrial.  Military.  You  name  it,  we  have  it. 
CRT's  for  universal  computer  terminals  to  the  most  sophisticated  avionics,  photorecording, 
projection  and  word  processing  displays.  Every  one  backed  by  our  reputation  for  design  capability, 
top  quality  and  reliable  performance.  We  wouldn't  make  a  CRT  that  didn't  live  up  to  our  name.  It's 
something  we  kndVv  you  expect. 

More  important,  we  make  CRT's  that  live  up  to  your  schedule.  Our  new  coast- to-coast  system 
of  plants  in  Wayne,  New  Jersey;  Clyde,  New  York  and  Los  Angeles,  California,  insures  that  a  Thomas 
CRT  is  an  on-time  CRT. 

Thomas  CRT's.  On  top  and  on  schedule.  What  more  could  you  ask? 


When  you  need  a  CRT  for  any  reason,  talk  to  our  sales  and  application  engineers  who  know 
your  field.  Send  for  ourjiew  short  form  catalog. 


CIRCLE  9 


|  H  O  M  A  S  ELECTRONICS,  INCT 


Navy  Fleet  Numerical  Weather  Center, 
Monterey,  California,  will  discuss  the 
problems  in  applying  mini-computers 
in  displays  for  graphics  communications. 
A  tutorial  on  the  design  of  displays  for 
severe  environments  will  be  presented 
by  Gus  Carroll,  Project  Engineer,  Ad¬ 
vanced  Display  Systems,  Kaiser  Aero¬ 
space  &  Electronics,  Palo  Alto, 
California. 

Legibility  criteria  in  the  design,  se¬ 
lection  and  evaluation  of  electronic  data 
displays  will  be  discussed  by  Donald  A. 
Shurtleff,  Senior  Research  Scientist, 
American  Institutes  for  Research,  Bed¬ 
ford,  Massachusetts.  The  performance 
factors  of  the  three  basic  color  TV  pro¬ 
jection  systems  will  be  compared  by 
Dr.  William  E.  Good,  Consultant, 

General  Electric  Company,  Syracuse, 
New  York. 

William  F.  Schreiber,  Professor  of 
Eectrical  Engineering,  MIT,  will  teach 


dy,  head  of  the  research  group.  “Our 
results,  though  preliminary,  have  far 
exceeded  our  original  expectations.  We 
have  obtained  good  quality  TV  imagery 
with  no  visible  smear,  even  for  rapidly 
moving  objects.” 

First  announced  in  October,  1974, 
the  1  /8-inch-thick  display  panel  is  pri¬ 
marily  designed  for  digital,  alphanu¬ 
meric  display  —  i.e.,  simple  ON-OFF 
operation  of  the  display  elements  in  ap¬ 
plications  such  as  computer  readouts 
and  radar  screens.  However,  since  the 
microminiature  thin-film  transistors 
that  control  the  brightness  of  the  ele¬ 
ments  are  also  capable  of  grey-scale  op¬ 
eration,  Westinghouse  researchers  de¬ 
cided  to  attempt  video  inputs. 

“The  picture  on  our  current  panel,” 
Dr.  Brody  says,  “can  be  taken  directly 
from  any  video-taped  feed  or  com¬ 
mercial  TV  signal.  It  has  excellent  con¬ 
trast  and  no  problem  with  flicker.  We 
can  —  and  sometimes  do  —  watch  the 
afternoon  soap  operas  on  it.”  Neverthe¬ 
less,  Dr.  Brody  pointed  out  that  they 
have  quite  a  way  to  go  before  achieving 
line  resolution  and  brightness  compar¬ 
able  to  present-day  television  receivers. 

Westinghouse’s  thin-film  transistor¬ 
ized  panel,  an  enormous  integrated  cir¬ 


the  use  of  a  flat  field  configuration  for 
cost-effectiveness  in  laser  scanning  sys¬ 
tems.  The  Final  lecture  by  Donald  E. 
Troxel,  Associate  Professor  of  Electrical 


Engineering,  MIT,  will  be  a  presentation 
on  the  Electronic  Darkroom,  a  minicom¬ 
puter-based  image  processing  system  for 
new  photos  and  facsimile  pictures. 


Thin-Film  Video  Performance: 


Pocket  TV  and  pictures  on  the  wall. 

Real-time  video  performance  on  a 
thin-film  transistorized  electrolumines¬ 
cent  (EL)  panel  no  thicker  than  ordin¬ 
ary  window  glass  has  been  successfully 
demonstrated  at  the  Westinghouse  Re¬ 


search  Laboratories  in  Pittsburgh. 

“We  have  been  investigating  the 
real-time,  grey-scale  capabilities  of  our 
6-by-6-inch,  20-  and  3 0-line s-per-inch 
EL  display  panels,”  says  Dr.  T.  P.  Bro- 


Dr.  F.C.  Luo  of  the  Westinghouse  Research  Laboratories  holds  a  developmental  display. 


SID  77  Exhibitors 

Aydin  Controls  •  AEG-Telefunken  Corp.  •  Ferranti  Electric,  Inc.  •  Display 
Components,  Inc.  •  DuMont  Electronics  Corp.  •  Optical  Coating  Laboratory, 
Inc.  •  Rank  Precision  Industries,  Ltd.  •  RCA  Corporation  •  Ramtek  Corp.. 

•  Raytheon  Co.  •  Spellman  High  Voltage  Electronics  •  Thomas  Electronics 

•  Syntronic  Instrument  •  Venus  Scientific  •  Washburn  Laboratory  •  Wat- 
kins-Johnson  •  Westinghouse  Electric.  Industrial  and  Government  Tube 
Division  •  Tektronix,  Inc.  •  Media  Systems,  Inc.  •  Keltron  Corp. 

And  here's  some  of  what  they'll  be  exhibiting: 

Electrostatic  focus  instrument  CRTs  ■  High  resolution  large-screen  display 
tubes  ■  High  brightness  military  display  tubes  ■  Flying-spot  scanner  tubes 
■  High  speed  high  resolution  deflection  amplifiers  and  yokes  ■  Video 
storage  equipment  ■  Photosensitive  devices  and  image  tubes  ■  Color  pe¬ 
netration  screen  CRTs  ■  ouble  ended  image  storage  tubes  ■  Antireflection 
and  conductive  coating.  Laminated  color  filters  ■  Broadband  and  narrow- 
band  filters  ■  Liquid  crystal  displays  designed  for  instrument  clocks  ■  Mul¬ 
tidigit  panel  with  1/2"  to  3/4"  digit  sizes  ■  Color  graphics  and  imagery  dis¬ 
play  tubes  ■  High  voltage  power  supplies  ■  Precision  CRTs  and  allied  cir¬ 
cuits  ■  Miniaturized  power  supplies  ■  Projection,  recording,  computer  dis¬ 
play,  radar-sonar-multisensor  tubes  and  variety  of  CRTs  and  components. 


cuit  measuring  six  inches  square,  has 
12,000  glowing  picture  elements  in  a 
1 10  x  110  element  format.  Picture  ele¬ 
ments  are  phosphor  dots  that  light  up 
when  electricity  passes  through  them, 
similar  to  the  phosphor  dots  on  the  in¬ 
side  face  of  a  cathode  ray  tube. 

Each  element  consists  of  two  thin- 
film  transistors,  a  storage  capacitor  and 
a  phosphor  overlay  material.  The  tran¬ 
sistorized  matrix  allows  separate  ele¬ 
ments  to  be  energized  without  activat¬ 
ing  others  in  the  same  row  or  column. 
Moving  images  are  formed  when  a  num¬ 
ber  of  dots  are  triggered  almost  simul¬ 
taneously  across  the  entire  screen,  30 
times  per  second.  The  transistors  also 
control  the  dots’  brightness. 

Dr.  F.  C.  Luo,  the  scientist  who 
built  their  20-  and  30-lpi  panels,  is  now 
at  work  on  a  3-3/4  x  5-inch  display 
panel  designed  specifically  for  TV  imag¬ 
ing.  It  will  use  a  white  phosphor  rather 
than  the  green  of  the  alphanumeric  dis¬ 
plays,  will  have  262  lines  and  will  con¬ 
sist  of  over  80,000  elements.  (A  black- 
and-white  screen  with  full  TV  resolu¬ 
tion  would  require  250,000  elements, 
and  a  color  screen  would  need  three 
times  that  many.)  Work  is  also  in  prog¬ 
ress  to  increase  the  line  density  to  100 
or  to  128  lines  per  inch.  The  latter 
density  is  above  the  human  eye’s  resolu¬ 
tion  limit  and  therefore  appears  contin¬ 
uous. 

Dr.  Brody  pointed  out  that  the  ma¬ 
jor  obstacle. in  developing  a  solidstate 
screen  to  a  performance  level  compar¬ 
able  to  present-day  CRT’s  has  been  the 
problem  of  distributing  the  information 
to  large  numbers  of  picture  points  by 
some  sort  of  wiring.  No  practical  way 
of  wiring  100,000  or  more  light  emitt¬ 
ing  dots,  one  by  one  exists.  Now, 
through  thin-film  transistor  technology, 
the  wiring  is  integrated  into  the  panel 
itself.  Leads  on  two  sides  of  the  panel 
feed  signals  to  the  thin-film  circuit 
matrix,  which  then  energizes  the  EL 
cells.  The  development  of  scanning  and 
edge  driver  circuits,  which  can  be  simul¬ 
taneously  deposited  onto  the  substrate 
along  with  the  transistorized  matrix, 
will  further  reduce  the  number  of  ex¬ 
ternal  leads  from  the  present  220  to 
about  20.  Continuous  shading,  rather 
than  the  eight  levels  of  brightness  now 
used,  can  be  achieved  through  a  modi¬ 
fication  of  the  drive  electronics.  Sub¬ 
stantially  better  TV-type  performance 


is  expected  from  panels  designed  specif¬ 
ically  for  video  display,  Dr.  Brody  con¬ 
tends. 

“Our  30  lines-per-inch  digital  panel 
weighs  only  a  few  ounces  and  consumes 
only  1  watt,”  Dr.  Brody  says.  “We 
have  produced  on  this  panel  legible  let¬ 
ters  in  ambient  illumination  up  to 
10,000  footcandles,  which  is  equivalent 
to  direct  sunshine  at  an  elevation  of 
50,000  feet.” 

Among  the  work  remaining  to  be 
done,  Dr.  Brody  says,  are  improving 
the  resolution,  developing  the  thin- 
film  driver  circuitry,  developing  full 
color  capability,  and,  most  important, 
removing  the  few  blemishes  still  visible 
on  the  screen. 

“We  already  have  phosphors  in  all 
the  necessary  colors,”  he  says,  “but  a 
thin-film-transistorized,  matrix-driven 
color  TV  panel  would  take  several  more 
years  of  concentrated  effort.” 

However,  Dr.  Brody  believes  that 
the  systematic  development  of  thin- 
film  transistor  technology  —  without 
any  further  technological  “break¬ 
throughs”  —  could  be  the  solution  to 
the  electronics  industry’s  more  than  20- 
year  search  for  a  solid-state  equivalent 
of  the  bulky,  high-voltage  cathode  ray 
tube.  He  emphasized  that  the  present 
color  TV  tube  has  an  extremely  high 
level  of  performance  and  low  cost, 
and  said  that  an  initial  penetration  of 
the  flat  TV  screen  into  the  consumer 
market  is  more  likely  to  be  in  novel 
forms  which  are  not  accessible  to  the 
tube,  such  as  a  pocket  set  or  a  very 
large  area,  nonprojection,  picture-on- 
the-wall  system. 


Multicolor  Graphics 

Complementing  their  line  of  mono¬ 
chromatic  CRT  monitors,  KRATOS 
now  offers  Beam  Penetration  Phosphor 
multicolor  display  capability  with  reso¬ 
lution  comparable  to  that  of  their  black 
and  white,  random  position,  XYZ  units. 
These  monitors  display  characters,  sym¬ 
bols  and  vectors  in  any  of  4  standard 
colors  which  are  selected  by  internally 
switching  the  CRT  anode  voltage.  A 
fifth  color  is  optional.  Several  standard 
models  are  available  with  screen  sizes 
for  5”  to  25”  in  both  single  chasis  and 
dual  chassis  configurations.  This  allows 
for  rack  mounting  of  monitor  and  elec¬ 
tronics  or  adaptation  to  the  user’s  styl¬ 
ized  console.  Custom  units  are  also  avail¬ 
able.  KRATOS  Display  Division,  403  S. 
Raymond  Ave.,  BIN  45  Pasadena,  CA 
91109. 


DOES  GLARE 
MAKE  YOUR 
CRT  DISPLAY 
HARD  TO  READ? 

Although  brightly  lighted 
offices  and  CRT  computer 
terminals  are  incompatible, 
they  often  go  together.  CRT 
faceplates  on  which  Metavac 
anti-reflection  coatings  have 
been  vacuum  deposited 
effectively  reduce  glare. 
Aircraft  instruments,  laser 
range  finders,  beamsplitters 
and  optical  communications 
equipment  are  some  of  the 
other  applications  for  these 
high  efficiency  coatings. 
Metavac  has  an  anti¬ 
reflection  coating  for  virtually 
any  requirement  —  and  30 
years  of  experience  in  thin 
film  coatings  for  optics  and 
electronics.  Write  for 
technical  data. 
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45-68  162nd  STREET 
FLUSHING,  NEW  YORK  11358 
Telephone:  (212)  445  0400 

Thin  Film  Coatings  for  Optics  and  Electronic  s 
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A  Magnetic  Particles  Display 


Here’s  an  update  of  a  relatively  new  type  of 
panel,  matrix  addressable  display  —  the 
magnetic  particles  display:  its  operating 
principles,  potential  advantages  and 
the  results  of  recent  research  on 
its  fabrication. 


by  Lawrence  L.  Lee 
Magnavox  Government  &  Industrial 
tlectronics  Company 
Fort  Wayne,  IN 


The  magnetic  particles  display  is  a  flat-panel,  matrix-addres¬ 
sable  display  device.  It  forms  images  with  a  panel  of  free- 
rotating  spherical  particles  each  of  which  is  a  tiny  permanent 
magnet,  dark-colored  in  one  hemisphere  and  light  in  the 
other.  Thus,  the  amount  of  ambient  light  reflected  by  the 
particles  is  a  function  of  the  particles’  orientations  which  is, 
in  turn,  controlled  by  a  magnetic  field.  The  magnetic  field 
comes  from  a  nearby  not-so-permanent  magnet  array  that 
functions  as  a  memory.  Sites  in  the  memory  can  be  selective¬ 
ly  magnetized  by  currents  through  conductors  imbedded  in 
the  display.  Schematic  sketches  of  the  magnetic  particles 
and  the  construction  of  the  magnetic  particles  display  are 
shown  in  Figures  1  and  2. 

Matrix-addressing  is  possible  —  in  a  manner  comparable 
to  the  switching  of  computer  memory  cores  by  coincident 
pulses  of  currents.  The  memory  is  first  magnetized  uniform¬ 
ly  in  one  direction.  It  is  coersive  and  can  resist  demagneti¬ 
zation  by  reverse  fields  below  a  certain  threshold.  Only 
stronger  fields  can  reverse  the  direction  of  magnetization. 
Currents  through  the  addressing  conductors  are  designed  to 
generate  a  reverse  field  below  the  threshold  everywhere  ex¬ 
cept  at  the  selected  site  where  the  combined  field-strength 
exceeds  the  threshold  and  the  magnetization  is  locally  re¬ 
versed.  Then  the  display  will  register  a  light  spot  against  a 
dark  background  (or  vice  versa).  Once  the  image  is  written 
into  the  memory,  it  will  remain  there  until  changed  by  fur¬ 
ther  addressing. 'The  memory  is  non-volatile  and  sustains  sta¬ 
tionary  images  without  consuming  any  power.  A  more  de¬ 
tailed  analysis  given  in  reference  (1)  shows  that  the  scheme 


for  matrix  addressing  and  the  non-volatile  memory  are  also 
capable  of  giving  a  continuous  grey-scale. 

The  magnetic  particles  display  is  in  some  respects  similar 
to  Ferranti-Packard’s  displays  which  also  use  rotatable  mul¬ 
ticolored  magnets.  An  important  difference  is  the  size  and 
shape  of  the  magnets.  Because  they  are  spherical,  the  mag¬ 
netic  particles  do  not  need  to  be  pivoted  for  rotation,  mak¬ 


Fig  1  Principle  of  the  magnetic  particle  display.  Each  spherical 
particle  dark-colored  in  one  hemisphere  and  light  in  the  other  is  a 
tiny  permanent  magnet,  free  to  rotate. 


Panel  Containing 
Encapsulated 
Magnetic 
Particles 


Vertical 

Grid 


tn  c 

0)  c 

ir  <D 

■o  £ 

5  > 

<  V) 


Horizontal 

Grid 

Memory 

Assembly 


Fig  2  Construction  of  the  magnetic  par¬ 
ticle  display.  Details  showing  one  unit  — 
memory  per  spot  and  many  encapsulated 
particles  per  spot. 


ing  it  practical  to  use  very  large  num¬ 
bers  of  very  small  particles.  Some  par¬ 
ticles  are  so  small  they  cannot  be  re¬ 
solved  by  the  naked  eye,  offering  the 
possibility  of  high-resolution  displays. 

The  memory  can  also  be  fabricated  as 
one  continuous  sheet,  so  only  the  dis¬ 
creteness  of  the  addressing  grids  of  con¬ 
ductors  ultimately  limits  resolution. 

Table  1  lists  the  magnetic  particles 
display’s  potential  advantages.  Most 
of  them  are  direct  results  of  the  dis¬ 
play’s  concept;  the  ones  that  are  not 
suggested  by  the  descriptions  given 
above  are  observations  from  experi¬ 
ments  described  later. 

Fabrication  of  the  magnetic  particles 
was  reported  in  the  SID  International 
Symposium  of  May  1975  (2).  These  par¬ 
ticles  were  made  of  polyethylene  with 
powdered  Strontium  ferrite  as  a  filler.  They  are  naturally 
black;  the  light  hemisphere  is  generated  by  applying  a  reflec¬ 
tive  metallic  coating.  Uniform  spherical  particles  in  sizes  rang¬ 
ing  between  20/xm  and  400jum  have  been  made  by  generating 
droplets  of  the  molten  material  (liquid  polyethylene  with  the 
powdered  ferrite  in  suspension)  off  the  rim  of  a  rapidly  ro¬ 
tating  toothed  wheel  and  allowing  them  to  solidify  in-flight. 
These  particles  are  then  magnetized  and  metallized  on  one 
hemisphere.  Two  methods  of  metallization  have  produced  sa- 
tifactory  results:  in  one  method,  aluminum  was  evaporated 
onto  one  side  of  the  particles  in  vacuum;  in  the  other  meth¬ 
od,  silver  is  deposited  onto  the  submerged  hemisphere  of 
particles  on  the  surface  of  an  electrodeless  silvering  bath. 
Circular  photo  shows  a  photomicrograph  of  some  particles 
fabricated  by  the  second  method. 

The  magnetic  particles  displays  described  in  (1)  would  be 
constructed  with  each  particle  encapsulated  with  a  small 
amount  of  lubricant  in  its  own  transparent  capsule,  the  cap¬ 
sules  would  then  be  cemented  together  to  form  the  display 
panel.  Encapsulation  would  enhance  the  display’s  sensitivity 
by  diminishing  the  interaction  among  the  particles.  Some 


Table  I  Potential  Advantages  of  the  Magnetic  Particles  Display 

Matrix  addressable  •  Adequate  contrast  •  Wide  viewing  angle 

•  Good  viewability  under  bright  ambient  illumination  •  Low 
power  in  some  applications  •  Grey-scale  capability  compatible 
with  memory  •  Low  cost  •  Rugged  and  capable  of  surviving 
hostile  environments  •  High  resolution  (ultimate  resolution 
determined  by  the  practical  limit  for  fabricating  fine  grids  of 
electrical  conductors)  •  High  write-in  speed  (determined  by 
the  time  required  to  magnetize  a  site  in  the  memory)  •  Low 
operating  voltage  (device  is  current-controlled)  •  Non-volatile 
memory  (requires  no  power  to  sustain  stationary  images) 

•  Flat  panel 


techniques  for  microencapsulations  are  described  in  (3).  A 
small  number  of  our  magnetic  particles  have  been  microen¬ 
capsulated;  they  were  observed  to  have  many  times  the  sen¬ 
sitivity  of  the  free  particles  (encapsulated  particles  were 
observed  to  respond  to  magnetic  fields  as  weak  as  a  few 
gauss)  thus  reaffirming  the  promise  for  high-sensitivity 
displays. 


Lower  sensitive  displays  were  made  by  confining  the  free 
particles  in  thin  (two-dimensional)  cells  of  transparent  ma¬ 
terials.  In  some  of  these  displays,  the  particles  are  surround¬ 
ed  by  a  transparent  liquid  lubricant;  in  others,  the  particles 
are  dry.  The  displays  without  lubricants  are  generally  less 
sensitive  (probably  because  they  have  more  friction),  have 
lower  contrast  (because  the  blacks  are  not  as  black),  but  are 
more  pleasing  to  look  at  (probably  because  the  whites  are 
whiter),  and  potentially  usable  over  a  wider  temperature 
range  (since  they  contain  no  liquid  to  boil  or  freeze).  These 
displays  were  observed  to  generate  clear  images  with  wide 
viewing  angles  and  contrast  ratios  up  to  1 5;  images  do  not 
“wash-out”  even  under  high  level  of  ambient  illumination. 

Seven-segment  digital  displays  with  one  reversible  magnet 
at  each  segment  have  also  been  constructed  and  satisfactori¬ 
ly  operated.  They  were  the  first  devices  used  for  demonstrat¬ 
ing  the  nonvolatility  of  the  memory. 

For  an  experimental  verification  of  the  method  sug¬ 
gested  in  [1]  for  matrix-addressing,  a  10  x  15  matrix  was 
constructed  and  tested  for  performance.  The  results  will  be 
presented  at  the  SID  International  Symposium,  Apr.  ’77  [4] . 

Magnetic  particles  displays,  which  started  as  an  interest¬ 
ing  suggestion  and  exercise  in  theoretical  study,  have  now 
received  experimental  support  in  all  major  areas  of  technolo¬ 
gy.  Although  more  developments  in  each  one  of  these  areas 
is  still  needed,  it  appears  most  probable  that  the  magnetic 
particles  display,  with  so  many  potential  advantages,  will 
provide  useful  services  for  a  wide  range  of  applications. 
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Thin  Film  EL  Displays 


by  Chuji  Suzuki, 
Toshio  Inoguchi  and 
Sanai  Mito 

Central  Research  Lab. 
Sharp  Corporation 
Tenri  Nara,  Japan 


A  number  of  studies  on  electroluminescent  display  de¬ 
vices  have  been  pursued  since  G.  Destriau1  discovered  its 
phenomena  in  1936.  Although  these  EL  devices  were  man¬ 
ufactured  industrially  around  1960,  their  meagerness  in 
brightness,  efficiency  and  life  appeared  to  be  insurmount¬ 
able.  Thus,  only  a  handful  of  people  continued  to  research 
and  develop  EL  devices  and  their  applications. 

In  recent  years2 ,  however,  Sharp  Corporation  developed 
a  stable,  long  life,  high  brightness  thin  film  EL  display  de¬ 
vice  with  a  double  insulating  layer  structure  that  gives  evi¬ 
dence  of  greater  potential  for  practical  use  of  the  EL  dis¬ 
play  panels.  This  new  type  of  EL  device  has  inherent  memo¬ 
ry  function  applicable  to  graphic  displays  for  computer  ter¬ 
minal  and  still  picture  displays  for  videophone  and  televi¬ 
sion  systems.  Furthermore,  the  device  shows  photo  polari¬ 
zation  and  photo  relaxation  effects  by  exposure  of  external 
light  when  suitable  DC  bias  or  zero  bias  is  applied  to  the  de¬ 
vice,  respectively.  This  attribute  facilitates  the  use  of  a  light 
pen  or  photographic  projector  for  transcription  and  super¬ 
position  of  images  on  the  panel.  A  thin  film  EL  display  device 
with  a  number  of  remarkable  functions,  and  a  variety  of  its 
applications  will  be  introduced  in  this  paper. 

Basic  Construction 

The  thin  film  EL  display  device  has  a  basic  three  layered 
construction:  an  active  EL  layer  sandwiched  between  two 
identical  insulating  layers  which  are  useful  in  prolonging  the 
life  and  enhancing  the  reliability  of  the  device.  Fig  1  illus¬ 
trates  the  structure  of  the  device.  A  plane  glass  substrate  is 
first  deposited  with  transparent  conductive  electrode  made 
of  ln203.  This  electrode  is  chosen  to  be  transparent  for  the 
displayed  image  on  the  EL  layer  to  be  visible  through  the 
glass  substrate.*  An  insulating  layer  of  Y203  or  Si3N4  hav¬ 
ing  about  2000A  in  thickness  is  then  deposited  over  the 
transparent  electrode.  The  active  layer  of  ZnS  doped  only 
with  Mn  is  formed  over  the  first  insulating  layer  by  means 
of  vacuum  deposition,  in  which  compound  materials  of 


phosphor  contained  in  a  crucible  is  directly  heated  and  sub¬ 
limated  by  electron  bombardment.  The  second  insulating 
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1)  Glass  substrate  2)  Transparent  electrode  (ln203)  3)  insulating 
layer  (Y203  or  Si3N4)  4)  Active  layer  (ZnS:Mn)  5)  Insulating 
layer  (Y203  or  Si3N4)  6)  Metal  electrode  (Al)  7)  Protective  coat- 
ing  (Silicon  resift) 


Fig  1  Schematic  structure  of  the  thin  film  EL  device. 


Fig  2  Brightness  vs.  applied  voltage  characteristic  of  the  thin  film 


EL  panel. 


Fig  3  Schematic  illustration  of  polarity  effect  on  brightness  of  the 
T.F.E.L.  panel. 


layer  which  uses  identical  materials  as  the  first  insulator,  is. 
deposited  over  the  active  layer  upon  which  a  rear  electrode 
layer  of  Al  is  formed.  The  thickness  of  the  EL  active  layer 
and  the  second  insulator  are  about  5000A  and  2000A,  re¬ 
spectively.  Finally,  silicon  resin  coated  over  the  back  elec¬ 
trode  protects  the  device  from  humidity  or  graze. 

Operating  Characteristics 

The  sandwiched  type  thin  film  EL  device  described  in  Fig  1 
is  driven  by  an  alternating  electric  field.  The  EL  brightness 
versus  the  amplitude  of  the  applied  AC  voltage  character¬ 
istics  are  shown  in  Fig  2.  Note  that  the  brightness  is  ex¬ 
tremely  dependent  on  the  applied  voltage  in  the  lower  volt¬ 
age  region,  and  tends  to  saturate  in  the  higher  voltage  region. 
Besides,  this  characteristic  curve  shifts  toward  the  higher 
voltage  side  as  time  elapses,  but  it  is  not  an  indication  of  the 
degradation  of  the  brightness.  According  to  the  result  of  its 
life  test,  no  change  in  brightness  is  observed  during  an  ac¬ 
cumulated  operation  of  over  2  x  104  hours  at  a  constant  op¬ 
erating  voltage. 

The  EL  device  exhibits  high  brightness  under  an  AC  ap¬ 
plied  voltage  with  its  typical  saturation  brightness  around 


Fig  4  Fundamental  frequency  component  of  device  current  and  its 
phase  angle  vs.  voltage. 
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1.5  x  103  fL  at  5  KHz.  Our  experiments  lead  us  to  believe 
that  such  good  performance  is  caused  by  internal  polariza¬ 
tion  effect  in  the  EL  layer.  Fig  3  shows  the  polarity  effect 
on  the  brightness  of  the  sandwiched  type  EL  device.  Revers¬ 
ing  the  polarity  of  the  succeeding  pulse  increases  the  bright¬ 
ness  remarkably.  In  contrast,  when  the  polarity  of  the  suc¬ 
ceeding  pulse  is  the  same,  the  observed  brightness  is  remark¬ 
ably  low.  In  other  words,  the  internal  residual  polarization 


Fig  6  Hysteresis  behavior  observed  in  the  EL  brightness  vs.  voltage 
amplitude  characteristics  under  square  wave  excitation. 


of  the  former  pulse  is  enforced  by  the  added  effect  of  the 
succeeding  pulse  voltage. 

The  current  characteristics  and  the  phase  angle  between 
the  voltage  and  current  versus  the  amplitude  of  the  applied 
voltage,  measured  under  the  application  of  sinusoidal  voltage 
of  1  KHz  in  frequency,  is  shown  in  Fig.  4.  Here,  the  current 
(If)  is  the  measured  value  of  the  fundamental  frequency 
component.  As  is  evident  from  Fig  4,  in  the  lower  voltage 
region,  the  current  flowing  through  the  device  was  mostly 
a  pure  displacement  current  which  is  attributed  to  inherent 
series  capacitance  of  the  individual  layers  in  the  sandwiched 
type  structure.  Within  this  region,  light  emission  due  to 
electroluminescence  was  not  observed.  The  abrupt  change 
in  current  and  phase  angle  occurs  at  the  threshold  voltage  of 
Vth  causing  an  EL  emission.  In  the  higher  voltage  region  be¬ 
yond  or  V^’,  the  abrupt  increase  in  current  exclusive¬ 
ly  determined  by  the  capacitance  of  the  insulating  layers  of 
the  device,  and  the  increased  phase  angle  depends  on  the 
value  of  conductance  in  the  EL  layer. 

If  a  single  pulse  voltage  in  the  train  of  the  AC  driving 
pulses  as  illustrated  in  (a)  of  Fig  5  is  applied  between  the 
metal  and  transparent  electrodes,  the  displacement  current 
and  the  pulsive  polarization  current  flow  into  the  device 
during  a  very  short  period  of  time  as  shown  by  the  solid 
line  and  dotted  line  in  (b)  of  Fig  5,  respectively.  Further¬ 
more,  as  shown  in  (c)  of  Fig  5,  the  device  emits  a  yellowish 
orange  light  having  rapid, rise  time  and  suitable  decay  time. 
During  the  course  of  the  improvement  studies  of  the  three 
layered  EL  device,  we  found  that  the  device  was  endowed 
with  inherent  memory  function  when  the  doping  content  of 
Mn  exceeds  5  wt  %  and  the  deposition  of  EL  layer  was  con¬ 
trolled  to  a  suitable  thickness.  The  dependence  of  EL  bright¬ 
ness  on  the  applied  voltage  under  square-wave  excitation, 
traced  on  an  X-Y  recorder,  is  shown  in  Fig  6.  Here,  we  ob- 


Fig  7  Diagrammatical  representation  of  the  memory  operation 
in  accordance  with  B-V  hysteresis  loop. 


Fig  8  a)  Voltage  is  applied  in  the  dark  (b)  Formation  of  photo 
polarizatic  (c)  Internal  polarization  continues  in  the  dark. 


serve  a  typical  hysteresis  behavior  in  the  increasing  and  de¬ 
creasing  processes  of  the  amplitude  of  the  applied  voltage. 
The  figure  shows  that  the  V-B  hysteresis  loop  varies  con¬ 
tinuously  with  respect  to  the  applied  voltage  above  Vth, 
rendering  the  operational  points  within  the  hysteresis  loop. 

Fig  7  shows  the  diagrammatical  representation  of  the 
memory  operation  in  accordance  with  the  V-B  hysteresis 
loop.  First  of  all,  if  a  train  of  sustained  pulses,  Ps,  of  ampli¬ 
tude  Vs  are  impressed  continuously  upon  the  device,  the 
brightness  is  sustained  at  Bs  which  corresponds  to  point 
“a”  on  curve  (1).  Now,  if  a  single  writing  pulse  Pw,  whose 
amplitude  Vw  is  larger  than  Vs,  is  temporarily  impressed 
during  the  Ps  pulses,  the  resulting  brightness  settles  at  Bw 
that  corresponds  to  point  “c”  on  curve  (2).  If  a  train  of 
erasing  pulses,  Pe,  consisting  of  a  few  pulses  whose  ampli¬ 
tude  is  decreased  from  Vs  to  Ve  are  impressed,  the  EL  de¬ 
vice  is  restored  to  its  initial  state,  Bs,  where  the  brightness 
is  faint.  Switching  on  and  off  of  the  memory  function  is 
possible  in  such  a  manner. 

More  recently,  we  discovered  a  newly  observed  phenom¬ 
ena:  the  photo  polarization  and  photo  relaxation  of  the  EL 
device.  The  three  layered  EL  cell  as  shown  in  (a)  of  Fig  8  is 
placed  in  the  dark  while  DC  voltage,  Vo,  is  applied  to  the 
electrodes.  The  electrodes  are  charged  with  electrostatic 
charge,  Qo,  as  does  a  simple  capacitor.  The  DC  voltage 
source  is  removed  after  having  charged  the  electrodes.  The 
cell  is  then  exposed  to  light  through  the  glass  substrate.  The 
light  excites  electrons  in  the  EL  layer,  to  be  displaced  to  the 
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Fig  9  Process  of  photo  polarization  and  relaxation. 


dielectric  layer  interface.  This  is  the  displaced  internal 
charge,  Qi,  depicted  in  (b)  of  Fig  8  which  is  the  photo  polari¬ 
zation  that  takes  place  within  the  active  layer.  The  electrode 
potential  drops  from  Vo  to  Vp  after  completion  of  the  photo 
polarization.  The  terminals  are  then  short  circuited  to  re¬ 
move  the  charge  on  the  electrodes  as  is  shown  in  (c)  of  Fig  8. 
The  polarized  charge,  Qi,  created  within  the  active  layer  re¬ 
mains  for  a  few  hours  if  the  cell  is  kept  in  the  dark.  Open¬ 
ing  the  external  circuit,  exposing  the  cell  to  light  again  as 
shown  in  (d)  of  Fig  8  causes  the  polarized  charge,  Qi,  within 
the  active  layer  to  relax,  which  in  turn  produces  a  residual 
potential  of  Vr  between  the  electrodes. 

Fig  9  shows  the  relationship  of  inter-electrode  potential  and 
polarized  electric  field  during  the  photo-polarizing  process 
and  photo-relaxation  process.  The  solid  line  represents  the 
electrode  potential  and  the  dotted  line  the  polarized  electric 
field.  We  confirmed  the  wavelength  dependence  of  photo 
polarization  by  the  following  experiment.  To  avoid  thermal 
polarization,  we  immersed  the  cell  in  liquid  nitrogen  and  ap¬ 
plied  a  constant  voltage  of  Vo,  illuminating  the  cell  with  var¬ 
ious  monochromatic  light.  Fig  10  shows  the  relation  between 
the  polarized  voltage,  Vo,  and  the  wavelength  of  illuminated 
light  at  Vo=10  volts.  This  experiment  indicated  that  light  of 
3500A  wavelength  offered  enhanced  polarization. 

The  polarized  charge  Qi  caused  by  photo-polarization 
process  is  determined  by  the  intensity  of  external  light  and 
the  time  of  illumination.  This  charge  remains  polarized  for 
a  few  hours,  if  the  cell  is  kept  in  the  dark.  To  convert  this 
polarized  charge  into  readable  visible  light,  it  is  necessary  to 
superpose  a  readout  pulse  upon  the  polarized  field.  In  the 
experiment  shown  in  Fig  1 1 ,  the  cell  is  illuminated  with  a 
tungsten  lamp  while  it  is  being  impressed  with  DC  bias  volt¬ 
age  Vd,  whereby  the  polarization  reaches  completion  within 
a  few  seconds.  The  reason  why  polarization  is  kept  for  300 
seconds  in  the  figure  is  because  it  was  necessary  to  observe 
the  relation  of  the  formation  of  polarization  and  the  readout 
processes  separately.  Thereafter,  if  a  reading  pulse  with  op¬ 
posite  polarity  to  that  of  the  DC  bias  voltage  is  impressed, 
the  enhanced  light  output  is  observed  as  shown  in  (b)  of 
Fig  11.  On  the  other  hand,  if  the  DC  voltage  and  the  reading 
pulse  have  the  same  polarity,  the  effect  of  superposed  in¬ 
ternal  polarization,  being  the  difference  between  the  two, 
would  be  decreased  or  offset.  The  relation  between  the  peak 
value  of  light  output  vs.  readout  pulse  voltage  with  the  DC 


Fig  11  Enhanced  superposition  of  the  photo  polarized  field  and 
the  read  out  pulse  (Vs). 

bias  of  Vd  as  parameter,  is  illustrated  in  Fig  12.  The  readout 
pulse  has  a  constant  pulse  width  of  200  microseconds,  and 
the  output  light  is  in  arbitrary  scales. 

X-Y  Matrix  EL  Display  Panels 

Fig  13  is  an  experimental  matrix  EL  display  panel  with  48 
mm  x  36  mm  picture  size  for  television  picture  display.  The 
electrodes  of  this  panel  consists  of  120  column  electrodes 
made  of  ln203  transparent  conductive  layer  and  90  row 
electrodes  of  Al.  Each  electrode  is  connected  to  the  printed 
circuit  board  with  copper  wires  as  shown  in  Fig  13.  Subse¬ 
quently,  we  developed  a  large  size  EL  matrix  panel  endowed 
with  inherent  memory  function  made  of  320  x  240  dot  ele¬ 
ments  displayable  of  160mm  x  120mm  picture  size  for 
alpha-numerical  character  display.  And  more  recently,  we 
have  fabricated  a  240  x  160  element  panel  with  memory 
made  of  120mm  x  90mm  picture  size  for  graphic  and  pic¬ 
ture  display. 


Fig  12  Sustain  pulse  voltage  vs.  light  output  characteristics. 


Table  1 

Number  of  Picture  elements 

108  x  81 

Picture  color 

yellowish  orange 

Addressing 

one  line  at  a  time  out  of 

Driving  pulse  voltage 

every  three  lines 

260  peak  volts 

Gray  scale 

horizontal - 130V 

vertical - 130V 

8  grades 

Brightness 

maximum  60  fL 

Contrast  ratio 

at  pulse  width  ---  100)LIS 
50:1 

Fig  13  Experimental  display  panel 


Fig  14  Reproduced  TV  picture. 


Application  to  Picture  Displays 

As  a  first  application  of  the  EL  matrix  panels,  we  developed 
an  imaging  system  for  television  picture  display  with  120  x 
90  dot  elements.  The  brightness  of  this  panel  depends  not 
only  on  the  driving  pulse  voltage,  but  also  on  the  pulse 
width,  thus  making  it  possible  to  realize  gray  scale  of  bright¬ 
ness  by  modulating  the  duration  of  the  pulse.  The  most  im¬ 
portant  feature  of  this  system  is  in  the  method  of  addressing 
of  the  AC  operated  panel.  The  TV  video  signal  is  converted 
into  digital  signals  that  correspond  to  one  TV  horizontal 
scanning  line.  Picture  elements  are  stored  into  the  memory 
units  individually.  These  digital  signals  are  converted  further 
into  the  width  of  the  driving  pulses,  which  are  imposed  upon 
all  the  column  electrodes  of  the  panel  at  the  same  time.  The 
scanning  pulse  is  impressed  upon  the  selected  row  electrode. 
The  performance  of  this  experimental  TV  imaging  system  is 
summarized  in  Table  (1).  A  photograph  of  the  reproduced 
TV  picture  on  the  experimental  matrix  panel  is  in  Fig  14. 


Fig  15  Photograph  of  experimental  character  display. 


Fig  16  Photograph  of  experimental 
graphic  display. 


Fig  17  Photograph  of  picture  display  that 
results  from  exposure  of  positive  photo¬ 
graphic  picture  using  a  slide  projector. 


Table  2 


Number  of  characters 

1248  character 

Color 

(52  character  x  24  lines) 
one  character  consists  of 

5x7  dots 
yellowish  orange 

Sustain  pulse  voltage 

420  volt  (peak  to  peak) 

Writing  pulse  voltage 

280  volt  (peak) 

Erasing  pulse  voltage 

370  volt  (peak  to  peak) 

Power  source  voltage 

190  volt  and  130  volt 

Brightness 

about  30  f  L  at  300  Hz 

Contrast  ratio 

sustain  pulse  frequency 
:  10:1 

Power  consumption  of 
sustain  driver 

about  10  watts 

Application  to  Alpha-numerical 
Character  Display 

We  also  developed  an  alpha-numerical  character  display  using 
a  large  size  EL  matrix  panel  with  inherent  memory.  The 
160mm  x  120mm  picture  size  panel  has  a  large  capacitance 
of  about  0.3juF  in  comparison  with  other  flat  display  panel 
such  as  plasma  and  powder  type  ELs.  The  usual  driving  sys¬ 
tem,  therefore,  consumes  so  much  power  that  it  is  hardly 
possible  to  realize  a  compact  character  display.  To  cope 
with  this  situation,  we  devised  a  driving  system  in  which  an 
inductance  is  connected  in  series  with  the  panel  capacitance 
to  form  a  serial  LC  resonant  circuit.  This  display  system  em¬ 
ploys  this  new  electronics  in  the  driver.  Sustained  pulses  are 
applied  to  all  the  elements  at  the  same  time.  “Writing”  is 
done  by  superposing  the  writing  pulse  on  the  sustain  pulses 
during  the  intermediate  period  between  two  pulses.  “Eras¬ 
ing”  is  done  by  decreasing  the  amplitude  of  the  sustain  pulse 
below  Ve  as  was  illustrated  in  Fig  7.  The  experimental  re¬ 
sults  of  the  character  display  are  shown  in  Table  (2).  Fig  15 
shows  a  photograph  of  the  experimental  character  display. 

Application  to  Graphic  Display 

Fig  16  illustrates  our  attempt  to  develop  a  graphic  display 
with  a  120mm  x  90mm  display  size  EL  panel  with  240  x 
180  dot  elements  endowed  with  inherent  memory;  we  suc¬ 
cessfully  imprinted  optical  images  directly  upon  the  panel. 
Fig  17  is  an  example  of  a  transcribed  photographic  picture 
from  a  35mm  slide  projected  on  the  panel. 
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Video  Image  Processing 
from  CVI 

Colorado  Video  offers  a  complete  high  quality  line 
of  video  image  processing  instruments.  Capabilities 
of  these  precision  instruments  span  the  video  field: 

•  synthetic  color 
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-  contrast  expansion 
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•  computer-processed  image  display 

•  shading  correction 

•  edge  enhancement 

To  obtain  your  free  CVI  synthetic  color  photo  and 
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Photoferroelectric  Image 
Storage  in  PLZT  Ceramics 


C.E.  Land  and  P.S.  Peercy 
Sandia  Laboratories, 

Albuquerque,  NM  87115 

Anew  lead  lanthanum  zirconate  titanate  (PLZT)  ceramic 
device  uses  a  recently  discovered  photoferroelectric  (PFE) 
effect  to  store  high-resolution,  high -contrast,  nonvolatile 
images.1  The  PFE  effect  eliminates  the  need  for  photocon¬ 
ductive  films  which  characterize  all  previous  PLZT  image 
storage  devices.2-8  The  new  image  storage  device  consists 
simply  of  a  thin  flat  plate  of  PLZT  sandwhiched  between 
two  transparent  electrodes.  Image  storage  is  achieved  by 
exposing  the  image  on  a  surface  of  the  plate,  using  near-UV 
light  at  the  band  gap  energy  of  3.35  eV  (3700A),  and,  at 
the  same  time,  switching  the  ferroelectric  polarization 
through  a  portion  of  the  the  hysteresis  loop.9  Images  are 
stored  both  as  spatial  distributions  of  light  scattering  centers 
in  the  bulk  of  the  PLZT  and  as  surface  deformations  which 
form  a  relief  pattern  of  the  image  on  the  exposed  surface. 
Both  image  storage  phenomena  are  related  to  spatial  distri¬ 
butions  of  ferroelectric  domain  orientations9 introduced  in 
the  PLZT  during  the  image  storage  process. 

Stored  images  can  be  read  out  using  either  transmitted  or 
reflected  light.  Transmitted  light  is  scattered  selectively  so 
that  the  image  can  be  viewed  directly  or  projected  onto  a 
screen  using  a  collimated  light  source  and  a  Schlieren  optical 
system  to  enhance  the  image  contrast.  For  projection,  the 
PFE  device  is  placed  in  one  focal  plane  of  a  converging  lens 
and  an  aperture  is  located  at  the  opposite  focal  point.  Re¬ 


construction  of  the  stored  image  by  retlected  light  utilizes 
the  surface  defromations  on  the  storage  surface.  Collimated 
light  is  diffracted  and  scattered  by  the  surface  deformations 
so  that  the  image  can  be  projected  onto  a  screen  using 
Schlieren  optics.5  Reflectivity  of  the  storage  surface  can  be 
increased  by  depositing  on  the  surface  a  dichroic  film  that 
transmits  the  near-UV  write-in  light  and  reflects  the  visible 
readout  light. 

Either  total  or  selective  erasure  of  stored  images  is  ac¬ 
complished  by  uniformly  illuminating  the  area  to  be  erased 
with  near-UV  light  and  simultaneously  switching  the  ferro¬ 
electric  polarization  back  to  its  initial  state  prior  to  image 
storage.  Experiments  have  shown  that  erasure  of  the  stored 
image  can  also  be  accomplished  by  heating  the  PFE  device 
to  the  ferroelectric-penferroelectric  phase  transition  tempera- 
ture(Tt)  at  which  all  domain  structure  disappears.1 0,1 1  For 
the  PLZT  7/65/35  (7  at  %  La,  65/35  zirconium  to  titanium 
ratio)  ceramics  used  in  PFE  devices,  T{  is  about  100°C.1  0 
Erasure  by  heating  has  also  been  achieved  with  I2  R  heating 
obtained  by  passing  a  sheet  current  through  one  of  the  trans¬ 
parent  electrodes  of  the  PFE  device.1 1 

The  presently  known  characteristics  of  the  PFE  device 
along  with  its  attractive  simplicity  of  fabrication  suggest  se¬ 
veral  potential  applications.  Temporary  image  storage  and 
display  is  an  important  potential  use.  Various  types  of 
image  and  optical  information  processing  are  also  suggested 
by  device  characteristics  discussed  later.  Using  scanning 
techniques  to  write-in  and  read  out  images  could  also  ac¬ 


complish  transmission  of  high-resolution  images  over  va¬ 
rious  types  of  communication  channels.1  2 

PFE  Device  Configuration 

A  major  advantage  of  the  PFE  device  over  previous  PLZT 
image  storage  devices  is  its  simplicity.1  The  device  consists 
of  a  polished  plate  (0.2  to  0.3  mm  thick)  of  coarse-grained 
(grain  size  >3  ^m),  rhombohedral-phase  PLZT  ceramic7  with 
low-resistance,  transparent  indium-tin  oxide,  In2-xSnx03.y, 
(ITO)  electrodes  1  3  sputter  deposited  on  the  two  major  sur¬ 
faces  as  shown  in  Fig  1.  The  device  shown  in  Fig  1  is  de¬ 
signed  for  readout  of  the  stored  image  using  transmitted 
light.  For  image  readout  with  reflected  light,  a  dichroic 
film  should  be  deposited  on  the  ITO  electrode  surface 
exposed  to  write-in  light.  The  dichroic  film  transmits  the 
write-in  light  and  reflects  the  readout  light. 


Fig  1  PFE  device  is  designed  for  readout  of  the  stored  image  using 
transmitted  light.  For  image  readout  with  reflected  light,  a 
dichroic  film  should  be  deposited  on  the  ITO  electrode  sur¬ 
face  exposed  to  write-in  light.  The  dichroic  film  transmits 
the  write-in  light  and  reflects  the  readout  light. 

With  transmitted  readout  light  (scattering  mode  of  opera¬ 
tion),  the  maximum  range  of  image  contrast  (exceeding 
100: 1)  and  maximum  resolution  (about  40  line  pairs/mm) 
obtained  to  date  were  with  a  device  using  PLZT  7/65/35 
with  approximately  5  /im  average  grain  size.  ITO  electrodes 
with  low  sheet  resistivities  of  2  to  3  ohms  per  square  are  used 
to  minimize  switching  strains  and  allow  fast  switching  speeds. 

All  previous  PLZT  image  storage  devices  required  a  trans¬ 
parent  photoconductive  film  deposited  on  one  or  both  sur¬ 
faces  of  the  ceramic.  These  photoconducting  films  were 
then  overcoated  with  transparent  electrode(s).2-8  In  those 
PLZT  ferroelectric-photoconductor  (FE-PC)  devices  which 
use  organic  photoconductors  (e.g.,  polyvinyl  carbazole, 

PVK),  image  storage  is  inherently  slow  (1  to  10  seconds) 
because  the  conduction  mechanism  in  PVK  is  a  hopping 
process.  Furthermore,  the  PVK  is  not  uniformly  transpar¬ 
ent  at  all  visible  wavelengths  which  adds  insertion  loss 
and  undesirable  color  in  the  device.  Using  sputter-deposited 
cadmium  sulphide1 4  or  zinc-cadmium  sulphide1 3  photo¬ 
conductive  films  achieves  much  faster  image  storage  (e.g.  10 
to  30  ms).  These  films  usually  have  lower  optical  insertion 
losses  than  the  PVK  films,  which  makes  them  additionally 
attractive  for  most  device  applications.  Unfortunately,  CdS 
and  ZnCdS  films  are  technologically  difficult  to  sputter 
with  predictable  and  reproducible  results.  Difficulties  and 
limitations  imposed  by  photoconductive  films  emphasize 
the  need  for  eliminating  these  films.  PFE  devices  thus  have 
an  advantage  over  previous  FE-PC  image  storage  devices. 


PFE  Image  Storage  and  Erasure  Processes 

Photoferroelectric  PLZT  ceramics  are  both  photosensitive 
and  ferroelectric.  Visible  light  can  photoexcite  carriers  from 
trapping  centers  in  the  band  gap,  and  near-UV  light  at  or 
near  the  band  gap  energy  (3.35  eV  or  3700  A)  can  photoex¬ 
cite  carriers  both  from  trapping  centers  in  the  band  gap  and 
across  the  band  gap.  Because  they  are  ferroelectric,  PLZT 
ceramics  can  be  poled  to  a  saturation  remanent  polarization 
by  application  of  an  electric  field  of  sufficient  magnitude. 
Their  remanent  polarization  can  be  reversed  or  reoriented 
totally  or  incrementally  by  a  properly  oriented  electric 
field.9  These  ferroelectric  properties  are  illustrated  by  the 
polarization  P  versus  electric  field  E  hysteresis  loop  shown 
in  Fig  2.  The  net  polarization  is  zero  in  the  virgin  or  thermal 
ly  depoled  state  (A).  Applying  a  negative  electric  field  in¬ 
creases  the  polarization  (negatively)  until  it  saturates  at 
the  maximum  applied  field.  Removing  the  field,  poles 
the  ceramic  to  negative  saturation  remanence  (B).  Re¬ 
manent  polarization  can  be  switched  incrementally  through 
intermediate  values,  e.g.,  (C),  (D)  and  (F),  to  positive  sa¬ 
turation  remanence  at  (B’)  by  application  of  a  positive 
electric  field.  In  the  PLZT  compositions  used  for  PFE  image 
storage,  the  remanent  polarization  (See  Fig  2)  is  directly  re¬ 
lated  to  corresponding  ferroelectric  domain  orientations. 

When  a  voltage  is  applied  to  the  electrodes  of  a  PFE  de¬ 
vice  (Fig  1),  the  resulting  electric  field  in  the  ceramic  plate 
can  be  spatially  modulated  by  exposing  a  surface  of  the 
device  to  band  gap  light  of  spatially  nonuniform  intensity. 

In  areas  illuminated  by  band  gap  light,  the  electric  field  is 
affected  by  the  presence  of  photoexcited  carriers;  in  the 
nonilluminated  areas,  the  electric  field  is  uniform.  If  the 
polarity  of  the  applied  voltage  is  such  that  the  partially  il¬ 
luminated  surface  is  negative  with  respect  to  the  opposite 
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Fig  2  In  the  polarization  (P)  vs  electric  field  (E)  hysterisis  lamp,  the 
net  polarization  is  zero  in  the  virgin  or  thermally  depoled 
state  (A).  Applying  a  negative  electric  field  increases  the  po¬ 
larization  (negatively)  until  it  saturates  at  the  maximum  ap- 
lied  field.  Removing  the  field,  poles  the  ceramic  to  negative 
saturation  remanence  (B).  Remanent  polarization  can  be 
switched  incrementally  through  intermediate  values,  e.g.,  (C), 
(D)  and  (F),  to  positive  saturation  remanence  at  (B')  by  appli¬ 
cation  of  a  positive  electric  field. 

surface,  the  electric  field  which  produces  domain  switching 
in  the  illuminated  areas  will  be  greater  than  that  in  the  dark 
areas.  In  this  case,  an  applied  voltage  just  large  enough  to 
switch  the  ferroelectric  remanent  polarization  in  the  illumi¬ 
nated  areas  will  produce  substantially  less  polarization  change 
in  the  dark  areas.  This  selective  domain  switching  results  in 
spatial  nonuniformity  of  the  ferroelectric  remanent  polari- 


zation  and  a  corresponding  spatial  nonuniformity  in  the 
light  scattering  characteristics  and  surface  deformation. 


Fig  3  Note  that  the  hystersis  loops  of  Figs.  2  and  3  are  taken  from 
actual  data  on  the  same  PFE  device  while  storing  a  photo¬ 
graphic  image,  and  the  curves  of  Figs.  2  and  3  are  reproduced 
with  the  same  scale  factor.  The  data  of  Figs.  2  and  3  show 
that  the  effective  coercive  field9  during  image  storage  was  ap¬ 
proximately  30%  less  than  the  coercive  field  measured  from 
Fig.  2.  Therefore,  the  presence  of  photoexcited  carriers  or 
space  charge  fields  resulting  from  retrapping  of  photoexcited 
carriers  caused  a  net  average  increase  of  the  domain  switching 
field  of  about  30%  during  image  storage. 

Fig  3  illustrates  the  actual  image  storage  and  erasure  pro¬ 
cesses.  The  remanent  polarization  of  the  ceramic  is  first 
switched  to  a  point  near  saturation  remanence,  e.g.,  (F)  of 
Figs  2  and  3.  An  image  is  then  exposed  on  one  of  the  sur¬ 
faces  of  the  ceramic  using  band  gap  light  with  intensity  >1 5 
mW/cm2,  and  the  ceramic  polarization  is  switched  from 
(F)  to  (G)  as  shown  in  Fig  3.  The  polarity  of  the  voltage 
used  to  switch  the  remanent  polarization  from  (F)  to  (G) 
should  be  such  that  the  illuminated  surface  of  the  PFE  de¬ 
vice  is  negative  with  respect  to  the  opposite  surface.  Ex¬ 
periments  have  shown  that  this  arrangement  produces  both 
higher  contrast  and  higher  resolution  in  the  stored  image. 
The  remanent  polarization  Pr(ex)in  the  areas  exposed  to 
band  gap  light  is  switched  by  a  significantly  greater  frac¬ 
tion  of  the  total  polarization  than  the  remanent  polariza¬ 
tion  Pr(d)  in  the  unexposed  or  dark  areas  of  the  image.  If 
A  is  the  total  surface  area  of  the  PFE  device,  and  APr  is 
the  effective  net  change  in  remanent  polarization  between 
points  (F)  and  (G),  then 

APrA  =  APr(ex)A€X  +  APr(d)Ad. 

AeX  is  the  area  exposed  to  band  gap  light,  and  Ad  is  the 
dark  area.  As  will  be  discussed  in  the  next  section,  APr(ex) 
depends  on  the  intensity  of  the  band  gap  light. 

After  image  storage  (switching  from  (F)  to  (G)  in  Fig  3) 
the  UV  light  is  removed  and  the  net  polarization  is  switched 
to  some  point  such  as  (H)  in  Fig  3  to  obtain  a  high-contrast 
positive  of  the  input  image  or  to  (J)  to  obtain  a  high-con¬ 
trast  negative  of  the  input  image.  The  net  polarization  may 
be  subsequently  switched  from  (J)  to  (H)  through  inter¬ 
mediate  values  to  obtain  various  amounts  of  baseline  sub¬ 
traction  and  corresponding  variations  of  gray  and  contrast. 

It  should  be  noted  that  the  hysteresis  loops  of  Figs  2  and 
3  are  taken  from  actual  data  on  the  same  PFE  device  while 
storing  a  photographic  image,  and  the  curves  of  Figs  2  and 
3  are  reproduced  with  the  same  scale  factor.  The  data  of 


Figs  2  and  3  show  that  the  effective  coercive  field9  during 
image  storage  was  approximately  30%  less  than  the  coercive 
field  measured  from  Fig  2.  Therefore,  the  presence  of  photo¬ 
excited  carriers  or  space  charge  fields  resulting  from  retrap¬ 
ping  of  photoexcited  carriers  caused  a  net  average  increase 
of  the  domain  switching  field  of  about  30%  during  image 
storage. 

Illuminating  the  originally  exposed  surface  of  the  PFE 
device  with  band  gap  light  of  uniform  intensity  (about 
15  mW/cm2),  and  switching  the  net  remanent  polarization 
to  saturation  remanence  at  (B')  -  as  shown  by  the  dashed 
lines  of  Fig  3  —  erases  the  stored  image. 

PFE  Image  Storage  and  Erasure  Mechanisms 

As  stated  in  the  preceding  section,  a  voltage  applied  to  the 
electrodes  of  a  PFE  device  produces  an  electric  field  in  the 
PLZT  ceramic  which  can  be  spatially  modulated  by  expos¬ 
ing  a  surface  of  the  device  to  band  gap  light  of  spatially 
non-uniform  intensity.  Absorbed  photons  in  PLZT  grains  at 
or  near  the  surface  of  illuminated  areas  photoexcite  carriers 
which  are  transported  by  the  applied  electric  field  to  new 
trapping  sites.  The  resulting  charge  separation  within  these 
grains  produces  space  charge  fields  (Esc)  which  oppose 
the  applied  field  (EA).  The  charge  redistribution  gives  rise 
to  an  effective  spatial  variation  of  the  internal  domain 
switching  fields  (E,)  in  the  illuminated  areas. 

Fig  4  illustrates  schematically  the  PFE  image  storage 
mechanism.  Fig  4  represents  a  portion  of  a  cross  section  of 
a  PFE  device,  including  the  ceramic  grain  structure  with 
grain  dimensions  greatly  exaggerated  for  the  purpose  of 
illustration.  At  the  beginning  of  the  image  storage  process 
illustrated  in  Fig  3,  a  portion  of  the  PFE  device  surface  is  il- 


Fig  4  Schematic  of  a  portion  of  a  cross  section  of  a  PFE  device,  in¬ 
cludes  the  ceramic  grain  structure  with  grain  dimensions 
greatly  exaggerated  for  the  purpose  of  illustration. 


luminated  with  band  gap  light  as  shown  in  Fig  4.  A  voltage 
of  the  polarity  indicated  in  Fig  4  is  applied  to  the  ITO  elect¬ 
rodes.  Photoexcited  carriers  in  the  grain  layers  near  the 
surface  exposed  to  UV  radiation  are  transported  by  the 
applied  field  to  new  trapping  sites  within  the  grains  or  at 
the  grain  boundaries.  Fig  4  shows  charge  separation  in  only 
one  grain  layer,  but,  depending  on  the  nature  of  the  absorp¬ 
tion  characteristics  of  PLZT15  and  the  presence  of  longer 
wavelength  illumination,  absorption  and  carrier  photoexci¬ 
tation  may  occur  over  several  grain  layers,  beginning  at  the 
illuminated  suface.  The  space  charge  fields  Esc  oppose  the 
applied  field  EA  in  the  absorbing  grains.  Since  the  charge 
separation  depends  on  the  electric  field  within  these  grains, 
the  maximum  attainable  value  of  Esc  is  equal  to  -EA.  The 
net  effect  of  compensation  of  EA  by  Escin  the  absorbing 
grains  is  that  the  applied  voltage  Va  is  dropped  across  the 
the  nonabsorbing  grains  beneath  the  illuminated  area,  which 
results  in  an  increased  electric  field  E,.  If  the  thickness  of  the 
ceramic  plates  is  t  and  the  thickness  of  the  absorbing  layer 
is  tA,  then  in  the  limit  of  ESC=-EA. 

E,=VA/(t-tA). 

Since  EA  =  VA/t,  it  is  obvious  that  E|  >  EA.  The  field  E( 
causes  domains  to  switch  at  lower  applied  voltage  than  EA 
the  field  in  the  dark  area  of  the  ceramic.  The  result  —  non- 
uniform  localized  domain  switching  —  is  essential  to  the 
image  storage  process. 

Assuming  that  the  quantum  efficiency  is  uniform  over 
the  surface  of  the  ceramic  plate,  the  number  of  photocarriers 
excited  in  any  illuminated  area  depends  approximately 
linearly  on  the  localized  intensity  of  the  band  gap  radiation. 

It  follows,  therefore,  that  the  magnitude  of  the  localized 
space  charge  fields  Esc  and,  hence,  the  localized  domain 
switching  field  E|  depend  approximately  linearly  on  the  in¬ 
tensity  of  the  band  gap  radiation  provided  I  Esc  I  <  I  EA  I 
in  the  absorbing  grains.  This  intensity  dependence  of  E,  is 
responsible  for  the  apparently  linear  gray  scale  reproduction 
in  stored  photographic  images. 

Other  physical  mechanisms  have  been  suggested1 6  to  ex¬ 
plain  nonuniform  domain  switching  during  image  storage. 
These  mechanisms  involve  both  photoconductivity  and 
photoassisted  domain  switching.  Glass,  et  al.,1  7  have  re¬ 
ported  the  presence  of  both  photoconductive  and  photo¬ 
voltaic  effects  at  wavelengths  of  4500  A  and  less  for  a  PLZT 
8/65/35  composition.  Further  study  of  PFE  image  storage 
mechanisms  will  probably  reveal  that  all  the  physical  effects 
enumerated  above  contribute  in  varying  degrees  to  the  image 
storage  capabilities  of  PLZT. 

The  erasure  process  described  in  the  preceding  section  fre- 
frequently  requires  more  light  energy  than  the  storage  proc¬ 
ess.  Rouchon,  et  al.,1  8  report  that  erasure  of  photoinduced 
changes  in  refractive  index  in  PLZT  9/65/35  requires  four 
times  the  storage  light  energy  density.  We  also  find  that 
images  stored  for  a  number  of  days  are  more  difficult  to 
erase  than  those  stored  for  only  a  few  hours.  Better  under¬ 
standing  of  the  storage  mechanism  will  undoubtedly  lead  to 
more  efficient  erasure  processes.  At  present,  the  erasure 
mechanism  is  thought  to  consist  of  photoexcitation  of  car¬ 
riers  and  subsequent  recombination  of  electron-hole  pairs  to 
restore  the  original  polarization  state  of  the  ceramic  prior  to 
image  storage. 


Light  Scattering  Associated  with  PFE  Image  Storage 

Images  are  stored  in  PFE  devices  as  spatial  distributions  of 
scattering  centers  in  the  bulk  of  the  PLZT  and  as  surface  de¬ 
formations  which  form  a  relief  pattern  of  the  image  on  the 
exposed  surface.  Light  scattering  in  coarse-grained,  rhom- 
bohedral-phase  PLZT  ceramics  varies  with  the  magnitude  of 
the  remanent  polarization  Pr  measured  parallel  to  the  light 
propagation  direction.1,4,7  thus,  from  a  practical  stand¬ 
point,  the  transmittance  or  insertion  loss  of  a  PLZT  plate 
measured  by  a  fixed-aperture  detector  depends  on  the  re¬ 
manent  polarization  of  the  PLZT*  Also,  PR  is  the  satura¬ 
tion  remanent  polarization  after  application  of  an  electric 
field  Es  equal  to  three  times  the  coercive  field  Ec,  i.e., 

Es  =  3EC.  Points  (A)  through  (G)  on  the  insertion  loss 
curve  of  Fig  5  correspond  approximately  to  similarly  de¬ 
signated  points  on  Figs  2  and  3,  except  that  the  sense  of  the 
polarization  axis  is  reversed  in  Fig  5.  From  the  discussion  of 
manent  polarization  of  the  PLZT.  Fig  5  shows  the  insertion 
loss  in  dB  plotted  as  a  function  of  the  normalized  remanent 
polarization  Pr/PR  for  a  PLZT  7/65/35  ceramic  plate.  Note 
that  insertion  loss  in  dB  can  be  divided  byTO  to  obtain  op¬ 
tical  density.  Also,  Pr  is  the  saturation  remanent  polariza¬ 
tion  after  application  of  an  electric  field  Es  equal  to  three 
times  the  coercive  field  ECj  Le., Es  =.3 Ec.  Points  (A)  through 
(G)  on  the  insertion  loss  curve  of  Fig  5  correspond  approxi¬ 
mately  to  similarly  designated  points  on  Figs  2  and  3,  ex¬ 
cept  that  the  sense  of  the  polarization  axis  is  reversed  in 
Fig  5.  From  the  discussion  of  the  image  storage  an  erasure 
processes  relating  to  Figs  2  and  3,  you  can  determine  the  as¬ 
sociated  optical  insertion  losses  from  Fig  5.  For  examlple,  if 
a  positive  of  an  input  image  is  stored  as  a  spatial  distribution 
of  scattering  states  between  (B)  and  (D),  it  can  be  converted 
to  a  negative  by  simply  switching  the  remanent  polarization 
states  so  that  they  are  distributed  between  (D)  and  (B’).  In 
this  example,  localized  areas  with  an  original  insertion  loss 
at  (D)  would  be  switched  to  (B’),  and  areas  originally  at  (B) 
would  be  switched  to  (D).  This  illustrates  how  positive-to- 
negative  image  conversion  occurs  and  how  you  can  obtain 
baseline  substraction  to  control  the  contrast  of  the  stored 
image  by  switching  to  intermediate  polarization  states,  an 
important  capability  of  PFE  devices  for  contrast  enhance¬ 
ment  and  image  processing.  (Continued  on  page  26) 


Fig  5  Insertion  loss  in  dB  plotted  as  a  function  of  the  normalized 
remanent  polarization  Pr/PR  for  a  PLZT  7/65/35  ceramic 
plate.  Note  that  insertion  loss  in  dB  can  be  divided  by  10  to 
obtain  optical  density. 


Reprinted  from  the  March  1977  issue  of  Circuits 
Manufacturing  magazine ,  Benwill  Publishing  Corp. 


THICK  FILM  NICKEL  CONDUCTORS 
FOR  DC  GAS  DISCHARGE  DISPLAYS 

Air  fireable  conductor/dielectric  system  simplifies  production 


TABLE  I* 

Base-Plate  Processing  Steps 
for  8  to  16  Character  Displays 


Step 

Optoelectronic 

Compositions 

Function 

Processing 

1 

Silver 

conductor 

Edge 

inter¬ 

connect 

Print  (325  mesh)  halfway 
under  glass  seal  area,  dry, 
fire  at  570-600°  C  peak. 

2 

Nickel 

conductor 

Segment 

inter¬ 

connect 

Same  as  above.  Silver  and 
nickel  prints  may  be 
cofired. 

3 

Black 

dielectric 

Cross¬ 

over 

Print  (200  mesh),  dry. 

4 

Black 

dielectric 

Cross¬ 

over 

Same  as  above.  Fire  at 
570-600°  C  peak. 

5 

Nickel 

conductor 

Segment 

Print  (325  mesh),  fire  at 
570-600°  C  peak. 

6 

Black 

dielectric 

Contrast 

Print  (200  mesh),  fire  at 
570-600° C  peak. 

•Values  apply  for  DuPont  Compositions 


TABLE  II* 

Physical  and  Electrical  Properties 
of  Thick-Film  Dielectrics  for  DC  Plasma  Displays 


Crossover  Dielectric 

Contrast  Dielectric 

Property 

Composition 

Composition 

Color 

Charcoal,  Gray- 
black 

Black 

Finish 

Matte 

Matte 

Fired  thickness 

1.5-1. 8  mils 

1.5-1. 8  mils 

Insulation  resis¬ 
tance  at  100  VDC 

>101 1  ohms 

>1010  ohms 

Breakdown  voltage 

AC 

>500 

>500 

DC 

>900 

>900 

•Values  apply  for  DuPont  compositions 


Since  the  development  of  the  Nixie  tube  in  1955,  DC  (direct 
current)  plasma  displays  have  been  well  known  and  widely 
used.  Planar  format  versions  of  these  displays  have  provided 
an  opportunity  and  incentive  for  the  use  of  thick-film  ma¬ 
terials  to  produce  numeric  and  alphanumeric  display  panels. 
Manufacturers  initially  fabricated  planar  numeric  displays 
from  thick-film  nickel  and  dielectric  compositions,  which 
they  fired  on  ceramic  substrates  at  relatively  high  (850- 
1000°C)  temperatures  in  inert  or  reducing  atmospheres. 

In  recent  years,  plasma  display  producers  have  adopted  soda- 
lime  glass  to  support  the  transparent  tin  oxide  on  face  plates. 
A  soda-lime  cathode-supporting  substrate,  in  addition  to  its 
cost  advantage  over  ceramic,  provides  a  perfect  thermal 
match  for  the  face  plate. 

To  fit  the  requirements  of  display  manufacturers,  Du¬ 
Pont  offers  a  low-firing,  nickel-conductor  composition, 
#9530,  processable  on  soda-lime  glass  to  form  cathodes.  It 
also  makes  available  compatible  dielectric  and  silver  com¬ 
positions  for  the  air  fireable  nickel  metallization.  Of  special 
significance,  firing  in  a  conventional  air-flow  belt  furnace 
eliminates  the  need  for  atmosphere  control,  as  explained  by 
F.K.  Patterson,  S.M.  Marcus  and  R.J.  Bacher,  Electronic 
Materials  Div.,  Photo  Products  Dept.,  DuPont  Co.,  Wilming¬ 
ton,  Delaware. 

nickel  metallization  on  glass  substrates 

The  sheet  resistivity  of  the  nickel  metallization  for  display 
applications  varies  as  a  function  of  film  thickness,  firing 
temperature  and  time  at  peak  temperature.  In  a  recommended 
firing  cycle  for  the  conductor  on  soda-lime  glass  substrates, 
the  peak  temperature  stays  at  580°C,  although  peak  tem¬ 
peratures  up  to  600°  are  permissable. 

In  addition,  the  resistance  drops  with  increasing  firing 
temperature.  With  a  firing  temperature  of  560-600°C,  the 
sheet  resistivity  falls  well  within  the  requirements  of  a 
nickel  cathode  for  DC  plasma  displays,  typically  <100 
milHohms/square  (Fig  1). 

Fabrication  of  a  DC  plasma  panel  using  thick-film  tech¬ 
niques  requires  multiple  firing  steps.  Of  great  importance  the 
air-fireable  nickel  metallization,  subjected  to  several  firing 
steps,  must  not  degenerate  under  these  conditions.  Degen¬ 
eration  increases  sheet  resistivity,  accompanied  by  severe 
oxidation  of  the  nickel  surface,  which  would  necessitate  a 
supplemental  firing  in  a  reducing  atmosphere  or  other  steps 
to  provide  a  clean  surface  for  glow  discharge. 

For  all  cases  described  in  Fig  2,  the  sheet  resistivity  de¬ 
creases  with  increasing  time  at  peak  temperature.  The 
change  of  resistance  with  time  at  peak  becomes  greatest  for 
the  lowest  peak  firing  temperature.  These  curves  demon¬ 


strate  that  the  electrical  characteristics  do  not  degrade,  but, 
rather,  improve  with  increased  firing  times. 

fabricating  an  all-glass  panel  dc  plasma  display 

Using  this  air-fireable  nickel  conductor  composition  and  its 
companion  dielectric  compositions  (9740  and  9741)  simpli¬ 
fies  the  processing  of  DC  plasma  displays  on  soda-lime  glass 
substrates.  Since  soda-lime  substrates  are  readily  available 
and  easily  cut  to  size,  the  display  manufacturers  can  fabri¬ 
cate  a  wide  variety  of  shapes  and  configurations.  The  fol¬ 
lowing  information  discusses  typical  processing  steps  for  the 
base  plates  in  a  seven-bar  segment  numeric  display  for  cal¬ 
culators  with  8  to  16  and  2  to  4  characters. 

8  to  16  Character  Display 

As  shown  in  Table  I,  the  initial  step  deposits,  by  means  of  a 
200-  or  325  mesh  screen,  silver  7713  metallization  on  the 
glass  substrate  to  serve  as  the  edge  interconnect  pattern.  The 
film  undergoes  drying  by  normal  techniques  used  in  thick- 
film  technology.  Nickel  conductor  composition  9530  is  then 
printed  and  dried  in  the  same  manner.  Subsequent  steps  may 
fire  the  prints  separately  or  cofire  them  through  a  conven¬ 
tional  air-flow  belt  furnace  with  a  10-to  15 -minute  dwell  at 
peak  temperature  between  570°  and  600°C. 

After  this  operation  come  two  prints  of  a  black,  matte 
crossover  dielectric  composition  over  the  metallization.  Di¬ 
electric  9740  insulates  the  subsequent  segment  cathode 
pattern  from  the  interconnect  metallization.  The  perfor¬ 
mance  characteristics  of  the  crossover  dielectric  composi¬ 
tion  appear  in  Table  II.  High  insulation  resistance,  good  via 
resolution  and  absence  of  pinholes  in  the  fired  film  to  elim¬ 
inate  shorting  represent  the  most  important  features. 

Application  of  the  dielectric  usually  involves  a  two-print, 
dry,  operation  followed  by  firing  through  the  previously  de¬ 
scribed  profile.  The  fourth  printing  step  puts  down  the 
nickel  metallization  for  each  of  the  seven  segments.  Rhe¬ 
ology  of  the  paste  formulation  optimizes  via  filling  and 


ohmic  contact  with  the  buried  interconnect  pattern  after 
firing.  The  metallization  also  goes  through  a  firing  operation 
as  described  before. 

The  final  printing  step  for  the  base  plate  deposits  a  black, 
matte-contrasting  dielectric  that  sharply  outlines  the  cathode 
segments  and  provides  a  pleasing  contrast  to  the  orange  neon 
glow  of  the  discharge.  Electrical  and  physical  characteristics 
of  the  contrasting  dielectric  developed  for  this  function  ap¬ 
pear  in  Table  II.  In  most  cases  display  makers  can  use  the 
crossover  and  contrasting  dielectrics  interchangeably,  al¬ 
though  the  electrical  requirements  for  the  crossover  are 
more  stringent  because  of  the  closer  conductor  spacing. 

2  to  4  character  display: 

For  a  limited  number  of  characters  as  in  a  clock  display,  a 
two-step  printing  operation  works  well.  In  such  cases,  the 
nickel  metallization  serves  as  both  an  interconnecting  and 
segment  pattern.  A  single  print  of  a  contrasting  dielectric 
layer  outlines  the  segments. 

final  assembly: 

Production  workers  align  the  base  plate  with  a  soda-lime 
glass  face  plate  containing  a  pre-etched  transparent  anode, 
usually  of  tin  or  indium  oxide.  A  solder  glass  or  crystalliz- 
able  solder  glass  is  then  dispensed  on  both  plates  and  over 
the  overlap  of  the  silver  and  nickel  metallizations  with  a 
sandwiched  glass  spacer;  then  firing  joins  the  plates. 


10  20  30  40  50 

Total  Time  at  Peak  Temperature  (minutes) 

1  12  13  14  15 

Number  of  Firings 

Fig  2  Sheet  resistivity  vs.  total  time  at  peak  tempera¬ 
ture  from  multiple  firings  for  9530  nickel  composition. 


For  reasons  of  cost,  reliability,  and  process  simplifica¬ 
tion,  producers  of  planar  displays  have  replaced  ceramic 
substrates  with  relatively  inexpensive  and  readily  available 
soda-lime  glass  substrates  and  may  convert  from  controlled 
atmosphere  to  conventional  air-flow  furnaces  by  adopting 
the  air-fireable  “Nicy!”®  nickel  conductor/dielectric  system 


For  more  information ,  contact  E.  /.  Dupont  De  Nemours  & 
Co.  Inc.,  Wilmington,  DE  19898. 


Fig  6  Image  illustrates  the  gray-scale  capability  of  the  PFE  device. 


(Continued  from  page  23) 

The  variation  of  light  scattering  with  changes  in  re¬ 
manent  polarization  is  useful  only  in  devices  which  use 
transmitted  light  to  view  or  project  the  stored  image.  Re¬ 
flective  mode  devices  employ  a  similar  variation  of  surface 
strain  with  changes  in  remanent  polarization  to  store  images 
as  spatial  variations  of  surface  deformations.5?7 

Image  Display  Using  the  Scattering  Effect 

Fig. 6  shows  two  photographic  images  stored  using  a  PFE 
dedevice  with  a  0.25  mm  thick  PLZT  7/65/35  ceramic  plate. 
The  images  were  projected  onto  Polaroid  color  film  through 
a  Schlieren  optical  system  with  an  effective  angular  aperture 
of  about  5°  using  visible  light  transmitted  by  the  PFE  device. 
The  images  were  stored  using  light  from  a  Hg-vapor  lamp  of 


Fig  7  Image  illustrates  its  resolution  capability. 


about  50  mW/cm2  intensity  and  700  A  bandwith  centered 
at  the  3650  A  Hg  line.  Similar  image  storage  has  been  ob¬ 
tained  with  light  of  about  1 5  mW/cm2  intensity  and  200  A 
band  with  centered  at  the  3650  A  Hg  line.  Maximum  con¬ 
trast  of  the  stored  images  is  about  20  dB,  and  maximum  re¬ 
solution  is  between  30  and  40  line  pairs/mm.  Because  the 
images  were  photographed  on  Polaroid  color  film,  the  ap¬ 
parent  contrast  and  resolution  in  the  reproductions  of  Figs 
6  and  7  are  considerably  less  than  in  the  ceramic  plate. 

The  images  of  Figs  6  and  7  can  also  be  viewed  or  pro¬ 
jected  by  light  reflected  from  the  surface  exposed  to  the  UV 
storage  light.  Indentations  or  deformations  in  the  locally 
switched  areas  of  the  exposed  surface  form  a  relief  pattern 
which  can  be  used  to  diffract  light  reflected  from  this  sur¬ 
face  and  reconstruct  the  image  using  Schlieren  optics.5 
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PRODUCT! 


Automated  Displays  Reduce  Flight  Test  Time 


Computer-driven  graphic  display  sys¬ 
tems  that  enable  ground  based  engin¬ 
eers  to  analyze  "live"  information  te¬ 
lemetered  from  in-flight  aircraft  are 
helping  engineers  at  McDonnell  Doug¬ 
las  Corporation  to  reduce  overall  flight 
test  times. 

The  graphic  display  systems,  devel¬ 
oped  by  Sanders  Associates,  Inc.,  are 
part  of  McDonnell  Douglas'  automated 
system  which  has  been  used  for  more 
than  6  years  to  support  test  flights 
of  the  DC-10  and  DC-9  Series  aircraft, 
the  A-4  attack  plane  and  the  new  YC- 
15  aircraft. 

Using  the  graphic  systems,  engineers 
can  select  telemetered  information 
from  the  ground  computers  and  dis¬ 
play  it  on  20-inch  television-like 
screens  in  easy  to  read  graphs  and 
scales.  By  controlling  and  monitoring 
experimental  flight  operations,  ground 
based  engineers  can  respond  to  the 
displayed  information  while  the  air¬ 
craft  is  still  aloft. 

McDonnell  Douglas  test  engineers, 
observing  the  data,  can  immediately 
advise  the  flight  crew  whether  a  par¬ 
ticular  movement  is  successful  and 
whether  to  proceed  with  the  next 
manuever  in  the  flight  plan.  Previous 
systems  required  days  to  determine 
the  success  of  a  particular  flight. 

Ground  based  operations 

An  engineering  test  pilot,  normally 
assigned  as  test  controller  in  the 
center  during  every  telemetered  flight, 
is  in  constant  voice  contact  with  the 
plane's  crew  via  the  microwave-track¬ 
ing  station  link  and  can  monitor  all 
phases  of  the  test  operation  on  his 
own  CRT  display.  The  pilot-control¬ 
ler  coordinates  the  flight  crew's  ac¬ 
tions  with  the  real-time  data  on  air¬ 
craft  performance  appearing  on.-  his 
screen  to  refine  and  perfect  each 
test  procedure  as  it  happens.  Thus, 
the  test  controller,  the  test  director 
and  the  pilot  in  the  air  work  to¬ 
gether  to  extract  maximum  infor¬ 
mation  from  every  hour  of  the  flight. 

The  new  system  greatly  reduces 
repetition  of  tests  that  yield  incon- 
conclusive  data  on  the  first  effort  — 
a  costly  factor  in  previous  flight  de¬ 
velopment  programs.  From  a  four 


hour  test  flight,  three  engineers  work¬ 
ing  two  hours  can  obtain  the  informa¬ 
tion  and  flight  objectives.  Before  the 
automated  system  the  same  data  re¬ 
quired  4  or  5  days. 

Graphic  display  operation 

Using  light  pens,  pushbutton  controls 
and  typewriter  keyboards  coupled  to 
the  CRT  and  computer  units, 
McDonnell  Douglas  engineers  direct 
the  computer  in  building  a  complete 
graphic  presentation  of  data  on  the 
CRT  screen  from  a  particular  phase  of 
testing. 

In  seconds,  the  automated  system 
sketches  out  a  basic  test  report  for¬ 
mat  pre-programmed  into  the  com¬ 
puter's  memory  discs.  The  operator 
then  calls  up  the  specific  information 
required  and  directs  the  computer 
to  process  it  into  the  desired  format. 

When  all  the  necessary  data  ap¬ 
pears  on  the  screen  —  for  example, 
as  a  plot  of  time,  airspeed  and  flight 
control  positions  —  the  engineer 
pushes  a  pair  of  buttons  on  his  con¬ 
trol  board.  Within  seconds  the  entire 
display  is  permanently  recorded  on 
microfilm  and  an  automatic  copying 


Computer  driven  graphic  display  sys¬ 
tems  enable  engineers  to  select  tele¬ 
metered  information  from  the  ground 
computers  and  display  it  on  20-inch 
television-like  screens  in  easy  to  read 


machine  produces  a  paper  copy  as 
well.  The  hard  copy  and  microfilm 
recording  machines  are  also  part  of 
the  Sanders  system.  The  computers 
also  can  perform  the  final  analysis 
of  data  from  another  flight  while 
a  flight  is  underway,  using  informa¬ 
tion  stored  by  the  airborne  tape 
recorders  and  delivered  to  the  con¬ 
trol  center  after  landing. 

Airborne  segment 

Airborne  computers  process  the 
data  from  instruments  such  as  strain 
gauges,  pressure  sensors  and  tempera¬ 
ture  sensors  for  immediate  display 
to  engineers  on  boards.  At  the  same 
time,  the  information  is  transmitted 
via  a  telemetry  system  to  the  ground 
where  computers  translate  the  tele¬ 
metry  impulses  into  useful  form  for 
display  at  the  rate  of  7200  wps. . 

The  DC-10's  airborne  system  is 
primarily  digital  with  secondary  AM- 
FM  recording  capability.  One  unit 
telemeters  400  channels  simultaneously, 
while  additional  units  on  board  the  test 
aircraft  allow  almost  1600  parameters 
to  be  recorded  during  a  single  flight. 

Sanders  Assoc.,  Inc.,  Nashua,  NH. 


graphs  and  scales.  By  controlling  and 
monitoring  experimental  flight  opera¬ 
tions,  ground  based  engineers  can  re¬ 
spond  to  the  displayed  information 
while  the  aircraft  is  still  aloft. 


Screen  Voltage  Supply 

10KV  to  18KV  in  Four  Adjustable  Steps 


PRODUCTS 


In  1972,  Venus  Scientific  engineers 
realized  that  with  the  introduction  of 
multilayer  phosphor  screens,  a  multi¬ 
color,  single  gun  CRT  could  be  fabri¬ 
cated  for  use  as  a  display  tube.  The 
problem  with  this  tube  was  the  inavail¬ 
ability  of  a  high  voltage  power  supply 
that  would  supply  the  screen  voltage  to 
the  CRT,  and  would  allow  the  user  to 
randomly  change  it  at  speeds  consistent 
with  a  low  flicker  display  system. 

Simply  stated,  the  circuit  design  pro¬ 
blem  was  to  provide  a  high  voltage 
power  supply  whose  output  voltage 
could  range  from  10,000  Vdc  to  18,000 
Vdc  with  a  slew  rate  of  100  volts/micro¬ 
second  and  at  a  frequency  of  at  least 


Input | Decoder 
And  D/A  Converter 

J - T 


Digital  Input 


High  voltage  operational  amplifier  is 
composed  of  a  conventional  closed 
loop  +20KV  power  supply  with  an 
8KV  tap,  a  series  transistor  up  switch, 
an  output  voltage  divider,  a  differen¬ 
tial  amplifier  and  a  switch  controller. 
The  +20KV  power  supply  acts  as  the 
raw  power  source  and  the  up  switch 
charges  up  the  load  until  the  output 
of  the  voltage  divider  is  equal  to  the 
analog  output  of  the  decoder/digital 
to  analog  converter.  At  this  point  the 
switch  controller  modulates  the  cur¬ 
rent  supplied  to  the  load  through  the 
up  switch  to  maintain  the  output 
voltage. 


60  Hz.  The  load  on  the  power  supply 
would  be  a  CRT,  which  can  be  charac¬ 
terized  as  a  large  capacitor  (  700  pf)  in 
parallel  with  a  current  sink.  A  second 
requirement  was  that  the  unit  be  all 
transistorized,  including  whatever  means 
to  be  used  as  the  output  switch. 

Many  schemes  were  evaluated  that 
would  perform  this  function,  but  most 
of  them  were  discarded  since  they  did 
not  meet  all  of  the  design  goals.  The 
first  scheme  involved  the  seriesing  of 
multiple  high  voltage  power  supplies  and 
switching  the  output  via  a  multiple  num¬ 
ber  of  series  strings  of  transistors  from 
each  power  supply  to  the  output.  One  of 
the  switches  would  be  closed  at  a  time 


Designed  for  use  with  the  latest  beam 
penetration  color  CRTs,  the  CS-18 
supply  produces  switched  anode  volt¬ 
ages  from  10KV  to  18KV  in  four 
fully  adjustable  steps.  According  to 
Venus,  the  unit,  with  a  volume  of  only 
180  cubic  inches  and  input  power 
requirement  of  only  56  watts,  delivers 
pulse  rates  of  480  steps  per  second 
with  transition  times  of  less  than 
150  microseconds  into  a  load  capacity 
of  750  pico  farads. 


thus  connecting  the  load  to  a  successive¬ 
ly  higher  output  voltage.  This  scheme 
was  discarded  as  both  the  number  of 
levels  was  fixed  for  a  given  design,  the 
output  was  not  capable  of  random  se¬ 
lection  and  each  of  the  levels  was  not 
adjustable.  Other  similar  schemes  were 
investigated  using  switches  to  switch  the 
output  voltage  where  evaluated  and  dis¬ 
carded  for  similar  reasons. 

Thus  the  problem  was  still  there:  how 
to  change  the  output  voltage  to  a  large 
capacitive  load  rapidly?  The  scheme 
finally  selected  was  to  configure  a  high 
voltage  operational  amplifier  with  an 
output  swing  capability  of  10,000  volts. 
This  amplifier  is  driven  by  a  precision 
analog  input  which  represents  the  de¬ 
sired  output  voltage.  The  analog  input 
voltage  is  derived  from  the  digital  input 
selection  lines  by  an  input  decoder  and 
an  adjustable  digital  to  analog  converter. 
The  block  diagram  details  its  operation. 

When  the  output  of  the  decoder/di- 
gital  to  analog  converter  decreases  (see 
block  diagram),  corresponding  to  a  lo¬ 
wer  output  voltage,  the  switch  control¬ 
ler  turns  the  up  switch  off  and  turns 
the  down  switch  on.  The  load  then  dis¬ 
charges  through  the  down  switch  to¬ 
ward  the  8KV  tap  on  the  +20KV  power 
supply  until  voltage  out  of  the  divider 
is  equal  to  the  new  voltage  out  of  the 
decoder/digital  to  analog  converter.  At 
this  point,  output  voltage  regulation  is 
again  achieved  by  modulating  the  up 
switch. 

Major  problems  associated  with  this 
scheme  were  loop  stability  over  a  wide 
range  of  load  capacity,  the  design  of  the 
output  voltage  divider  and  the  mechan¬ 
ization  of  the  switch  controller.  Since 
the  load  on  the  system  was  primarily 
capacitive  and  the  switch  controller  was 
configured  as  an  amplitude  controlled 
oscillator,  the  open  loop  gain  has  three 
major  poles.  They  are  the  load  pole,  the 
controller  pole,  and  the  differential  am¬ 
plifier  pole.  The  placement  of  com¬ 
pensating  zeros  in  the  feedback  divider 
to  provide  stable  operation  was  achie¬ 
ved  after  much  analysis  and  testing. 

The  end  result  was  an  operational  amp¬ 
lifier  with  a  closed  loop  gain  of  69db 
with  a  three  db  point  at  13  KHz.  Sys¬ 
tem  stability  was  achieved  by  placing 
a  zero  just  prior  to  crossing  the  zero  db 
axis  and  a  compensating  pole  just  after. 

The  completed  system  delivers  a 
slew  rate  of  greater  than  100  volts/mi¬ 
crosecond  and  has  a  settling  time  of 
less  than  75  microseconds  —  well  with¬ 
in  original  design  goals.  Venus  Scien¬ 
tific  Inc.,  399  Smith  Street,  Farming- 
dale,  New  York  11735  (516)  293- 
4100. 


Digital  Raster 
Graphics  Display 


Genisco  Computers  of  Irvine,  Califor¬ 
nia,  a  division  of  Genisco  Technology 
Corporation,  announces  the  immediate 
availability  of  a  1024  x  1024  digital 
raster  graphics  display  system,  named 
the  GCT-1024.  Its  ultra-high  resolu¬ 
tion  takes  the  “stair-step”  appearance 
out  of  raster  displays  to  minimize  dis¬ 
tortion  and  provide  greater  density 
detail. 

According  to  William  Huber,  Mar¬ 
keting  Vice-President  for  Genisco  Com¬ 
puters,  “This  is  the  first  time  that  a 
complete  high-performance,  1024  x 
1 024  digital  graphics  display  system 
has  been  available  on  a  production- 
run  basis.  It’s  also  the  first  system 
of  such  magnitude  to  be  priced  at 
under  $20,000  (in  volume  quantities). 

It  includes  a  unique  and  proprietary 
discrete  microprocessor  that  provides 
instruction  times  as  fast  as  150  nano¬ 
seconds  and  5 1  mnemonic  instructions 
for  increased  user  programming  flexi¬ 
bility.  Genisco  Computers,  17805-D  Sky 
Park  Circle  Drive,  Irvine,  CA  92714 
(714)556-4916. 


Digital  raster  graphics  display.  Model 
GCT-1024,  offered  at  under  $20,000 
(in  volume  quantities)  includes  a  pro¬ 
prietary  discrete  microprocessor  that 
provides  instruction  cycle  times  as  fast 
as  150  ns  and  up  to  51  nmemonic  in¬ 
structions.  A  number  of  options  and 
accessories  like  a  “joystick",  an  up-to- 
64  function  “keyboard",  graphic  tables 


and  cursors  enhance  the  system's  usage 
flexibility.  Applications  include  func¬ 
tions  like  Command  and  Control  Proc¬ 
ess  Simulation,  Automatic  Data  Re¬ 
duction,  Computer-Aided  Design,  Map¬ 
ping,  War  Gaming,  and  Crystallography 
in  such  diverse  fields  as  Textiles,  Me¬ 
dical,  Architecture,  Industrial  Design, 
and  Control  Equipment. 


GE  large  screen  TV  projection— 
for  instant,  dynamic  data  recall 


less  of  his  angle  of  view.  The  single  gun 
light  valve  is  warranted  for  2,000  operating 
hours  or  one  year  on  a  prorated  basis. 

2.  Internal  sync  and  RGB  Color  Bar  genera¬ 
tors  are  built-in  for  easy  set-up. 

3.  High  efficiency  power  conditioning  cir¬ 
cuits  permit  operation  over  a  range  of  line 
voltages  without  affecting  picture. 

4.  Convenient  Remote  Control  unit  can  be 
removed  from  the  projector,  for  remote 
set-up  and  operating  control  at  distances 
up  to  200  feet,  with  the  addition  of  an 
accessory  control  cable. 

5.  Operates  from  standard  1 20v/20  amp  appli¬ 
ance  outlet. 

6.  Versatile  projector  mounting  on  table  top 
or  accessory  rolling  base.  Easy  to  trans¬ 
port  from  your  board  room  to  any  other 
location. 

7.  Compact  in  size  and  weight;  projector  and 
tilt  mechanism  weigh  135  pounds. 

For  more  anatomical  details  on  the  PJ5000 

image  maker,  call  (315)  456-2562  or  456-2533 

today  or  write  to: 

Video  Display  Equipment  Operation 
General  Electric  Company 
Electronics  Park,  6-206 
Syracuse,  New  York  13201 

GENERAL  (®  ELECTRIC 


Images  from  your  computer  data  banks,  financial  and  investment 
statistics,  advertising  data,  training  material,  or  stockholders  reports, 
can  be  presented  with  dramatic  impact  utilizing  large  screen  color 
television  projection. 


The  computer’s  ever  expanding  involvement  with 
daily  business  operations  produces  a  wealth  of 
information  that  often  requires  frequent  presen¬ 
tation  to  groups  of  six,  sixty,  or  six  hundred 
or  more,  people. 


The  logical  output  of  your  information  sys¬ 
tem  could  be  a  large  screen  color  TV  pro¬ 
jector  . . .  the  incomparable  General  Electric 
PJ5000. 


Coupled  to  your  computer  facilities  through 
suitable  interface  equipment,  it  can  project 
alpha-numeric  data,  graphic  displays  and 
computer  generated  images,  in  real  time, for 
instant  review,  discussion  and  analysis.  In 
addition,  it  can  project  information  from  all 
standard  video  sources  .  .  .  large,  dynamic 
color  images  on  screens  from  2  feet  to  20 
feet  wide,  in  front  or  rear  applications. 


The  GE  solid-state  PJ5000  is  designed  to 
project  pictures  with  high  contrast,  brightness 
and  resolution,  with  simple  remote  control 
operation.  Here's  why: 


1.  GE's  exclusive  single  gun,  single  optical 
path  system  generates  the  complete  range 
of  colors  simultaneously,  with  inherent 
color  registration.  Also  provides  the  same 
picture  to  everyone  in  the  audience,  regard- 
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PRODUCTS 


28  VDC  vehicular  power.  Singer-Libra- 
scope,  Aerospace  &  Marine  Systems 
Group,  833  Sonora  Avenue,  Glendale, 
CA  91201. 


Plasma  Display  Terminal 


In  militarized  tactical  com¬ 
puter  terminal  by  Libra- 
scope  Division  of  Singer, 

8V2"  square  plasma  panel 
display  is  used  in  either 
text  or  graphics  mode.  In 
the  graphics  mode,  dynam¬ 
ic  information  is  positioned 
in  accurate  scale  on  a  stan¬ 
dard  field  map  inserted  be¬ 
hind  the  transparent  plasma 
panel.  Voice  and  digital 
data  are  transmitted  or  re¬ 
ceived  by  radio  or  direct 
wire.  Built  in  microproc¬ 
essor  permits  stand-alone 
operation  and  acts  as  con¬ 
troller  for  external  periph¬ 
eral  devices  such  as  a  prin¬ 
ter/plotter.  The  keyboard 
is  an  integral  part  of  the  case  and  folds 
up  to  form  a  water  tight  cover.  Cooling 
is  accomplished  without  the  use  of  fans. 
The  terminal  operates  directly  from 


CATHODE  RAY  TUBES 

WE  OFFER  YOU  TECHNICAL  ABILITY  FOR 
ANY  SPECIAL  CRT  AND  DISPLAY  SYSTEM 

CRT 

FIBER  OPTIC  FACE 
BACK  PORTED 
MONOSCOPES 
HIGH  RESOLUTION 
CUSTOM  GEOMETRIES 
PHOSPHOR  SCREEN 
ELECTRON  OPTICS. 

SYSTEMS 

FLYING  SPOT  SCANNERS, 

MONITORS,  FIBER  OPTIC 
PRINTERS,  DATA 
TERMINALS. 

M.  SADOWSKY  S.  CARLISLE 

SPECIAL  PURPOSE 
TECHNOLOGY  CORP. 

16300  LINDBERGH  STREET,  VAN  NUYS,  CALIFORNIA  91406 
TELEPHONE:  (213)  989-4610;  (213)  873-5107 


DESIGN  -  DEVELOPMENT  - 
PRODUCTION  -  TUBES  AND 
SYSTEMS. 


Programmable 
Alpha-Numeric  Display 

A  programmable  32-character  alpha¬ 
numeric  display  module  permits  selec¬ 
tion  of  an  unlimited  number  of  differ¬ 
ent  characters  and  symbols  for  display 
in  a  5x7  format  on  the  32-character  ca¬ 
pacity  panel.  A  64-character  repertoire 
version  uses  a  pair  of  PROM's  for  easy 
programming  of  any  desired  character 
set.  If  desired,  the  PROM's  can  be  re¬ 
programmed  as  desired  to  display  any 
new  combination  of  letters,  symbols  or 
numbers  after  their  initial  programming. 
This  feature  is  of  interest  for  new  prod¬ 
uct  prototyping  and  for  a  large  number 
of  OEM  applications  requiring  flexibili¬ 
ty  in  information  readout. 

The  unit  can  also  be  used  with  a  128- 
character  repertoire  by  populating  the 
display  module  with  64  "standard" 
characters  in  a  metal-masked  ROM 
plus  an  additional  64  "custom"  char¬ 
acter  set  generated  by  the  two  PROM's. 

The  32-character  gas  discharge  pan¬ 
els  display  characters  0.2"H  x  0.1 4"W 
in  a  5x7  dot  matrix.  Characters  are  uni¬ 
form  in  size  and  present  a  high-contrast, 
steady  neon-orange  glow  and  are  easily 
readable  at  distances  up  to  15  feet. 

Price  is  $1  72.00  in  quantities  of  1  K; 
delivery  is  from  stock.  ROM's  or 
PROM's  are  not  included  in  the  price 
of  the  module.  Burroughs  Corporation, 
Electronic  Components  Div.,  P.  O.  Box 
1226,  Plainfield,  NJ  07061 

Miniature  Cathode 
Ray  Tubes 

The  04A/1 1 7  is  the  latest  in  the  Fer¬ 
ranti  line  of  microspot  Cathode  Ray 
Tubes.  It  is  suitable  for  hand-held  TV 
camera  viewfinders  and  other  applica¬ 
tions  requiring  a  small  rectangular  pic¬ 
ture.  It  is  designed  as  a  direct  view  tube, 
with  possibly  a  simple  magnifying  lens, 
but  with  the  high  optical  quality  face¬ 
plate,  it  can  also  be  used  in  an  optical 
system. 

Useful  screen  area  is  32  x  21  mm 
and  line  width  at  center  is  typically  25 
micrometers.  Overall  length  is  125  mm 
(5")  and  with  a  14  mm  diameter  neck 
for  deflection  coils.  Weight  is  50  grams. 

Also  available  now  is  the  02C/1 1 7 
which  is  a  reduced  weight  and  size  ver¬ 
sion  of  the  one  inch  02B/97.  This  tube 
has  a  useful  screen  area  19mm  in  di¬ 
ameter.  It  is  complete  with  deflection 
coil  and  is  encapsulated  in  a  mumetal 
shield.  Overall  dimensions  are  27  mm 
maximum  diameter  and  100  mm  (4") 
maximum  length.  Weight  excluding 
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leads  is  90  g.  Line  width  at  center  is 
20  micrometer  typical. 

Designed  to  military  specifications, 
both  tubes  can  be  obtained  with  fiber 
optic  faceplates.  Ferranti  Electric,  Inc., 
E.  Bethpage  Rd.,  Plainview,  NY  11803 

3-D  Graphic 
Display  Modules 

An  8-page  brochure  describes  3-D  dis¬ 
play  capabilities  and  configurations 
possible  with  15  basic  analog  graphic 
building  block  modules:  basic  princi¬ 
ples,  block  circuit  diagrams,  how  to 
mix  graphics  and  alphanumerics,  mi¬ 
cro-computer  buffer/interface,  vector 
generators,  video-to-analog  converter 
and  universal  3-D  image  generator. 
Photographs  illustrate  3-D  image  gen¬ 
eration  by  modules  that  provide  op¬ 
tions  and  characteristics  such  as  mono¬ 
cular-binocular  selection,  magnifica¬ 
tion,  focal  field,  interposition,  move¬ 
ment  parallax,  perspective,  3-D  plot¬ 
ting  and  image  rotation.  Optical  Elec¬ 
tronics,  Inc.,  P.O.  Box  11140,  Tucson, 
Arizona  85734. 

Large  Display 
Counter/Ratemeter 

Industrial  counter/ratemeter's  extra 
large  display  —  3-inch  high  digits  — 
makes  possible  remote  monitoring  of 
machine  speeds  of  production  rates 
by  operators  and  supervisors  under 
circumstances  where  the  standard  sized 
display  of  the  usual  industrial  counter 
would  be  difficult  or  impossible  to  ob¬ 
serve.  Count  rates  as  high  as  60,000 
counts  per  minute  can  be  fed  into  a 
variety  of  electro-mechanical  and  elec¬ 
tronic  sensors.  Housed  in  a  black  ano¬ 
dized  cabinet  14"  w  X  9"  h  X  2"  d,  it 
operates  from  115  VAC  at  10  VA.  Price 
is  $233.00  in  25  unit  orders.  Vorne 
Industries,  Inc.,  5023  West  Belmont, 
Chicago,  IL  60641. 

Low-Cost  Modular 
Video  A/D  Converter 

Claimed  to  be  the  first  low-cost  modu¬ 
lar  A/D  Converter  designed  primarily 
for  video  digitization.  Computer  Labs 
Model  MATV-081 1  converts  high  band¬ 
width  video  signals  to  parallel  digital 
format  with  eight  bit  accuracy  at  ran¬ 
dom  or  periodic  word  rates  of  DC 
through  11  MHz.  The  MATV-081 1  is 
designed  for  color  television  digitiza¬ 
tion  at  rates  through  three  times  the 
NTSC  color  subcarrier  frequency  (10. 
74  MHz).  This  unit  is  a  metal  encased 


module  measuring  5.5"  by  4.38"  by 
0.85",  and  contains  internal  30  ps  track- 
and-hold,  encoder,  TTL  compatible  par¬ 
allel  output  data  latch  and  all  required 
timing.  The  analog  input  is  the  indus¬ 
try  standard  one  volt  at  75  ohms.  The 
encode  command  input  is  TTL  com¬ 
patible  with  an  input  impedance  of  75 
ohms.  Power  requirements  are  less  than 
eight  watts  when  the  A/D  is  operated 
from  ±12V,  +5V,  and  -5.2V,  although 
it  may  be  operated  with  any  analog  sup¬ 
ply  voltage  between  ±12V  and  ±15V. 
With  a  relative  accuracy  of  ±0.2%  of 
full-scale  (±14  LSB),  for  step  function 


inputs,  it  will  achieve  eight  bit  accuracy 
within  50  ns.  While  intended  for  color 
TV  applications,  the  MATV-081 1  is 
appliable  to  radar,  medical,  or  other 
video  systems.  Also  available  is  Model 
MATV-0808,  which  has  essentially  the 
same  operational  specs  as  the  MATV- 
081 1,  except  that  the  upper  encode 
frequency  is  limited  to  8  MHz.  Delivery: 
stock  to  six  weeks  ARO.  Prices  are 
FOB  Greensboro,  NC  as  follows: 
MATV-081 1  (Qty  1-4),  $1,150;  MATV- 
0808  (Qty  1-4),  $995.  Computer  Labs 
Inc.,  505  Edwardia  Dr.,  Greensboro, 

NC  27409 


ocu  The  One 

Source  for  all  your  Coating 
and  Optical  Needs. 

DISPLAY  PRODUCTS 

Antireflection  Coatings  Laminated  Polarizing 
-HEA®  Filters 

Transparent  Conductive  Custom  Contrast 
Coatings  Enhancement  Products 

Neutral  Contrast  Filters 
Laminated  Color  Filters 


ELECTRO-OPTICS 

Transparent  Electrodes 
Dichroic  Filters 
Photosensors 
Optical  Assemblies 
Antireflection  Coatings 


INDUSTRIAL  EQUIPMENT 

Color  Separation  Filters 
Front  Surface  Mirrors 
Antireflection  Coatings 
Pollution  Detection 
Components 


PROJECTION/LIGHTING 

SYSTEMS 


High/Partial  Reflectors 
Dichroic  Filters 


Hot/Cold  Mirrors 
Color  Correction 
Products 

Antireflection  Coatings 

For  further  information,  contact: 


Technical  Products  Division:  2789  Giffen  Ave .  PO  Box  1599,  Santa  Rosa.  CA  95402 
Telephone  707  545-6440 -Teletype  510  744-2083 

Photoelectronics  Division:  15251  E  Don  Julian  Rd .  City  of  industry.  CA  91746 
Telephone  213  968-6581 -Teletype  910  584-4890 

OCU  Europe:  621  London  Road.  High  Wycombe.  Buckinghamshire.  HP11-1ET.  England 
Telephone  High  Wycombe  36286 -Telex  851  83239 


OPTICAL 

COATING 

LABORATORY, 

INC. 
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SID  Chapter  Officer  Addresses 


Anderson,  Terry  G. 

Datagraphix 
P.0.  Box  82449 
MS  1-5200 

San  Diego,  CA  921 38 
(714)  291-9960  x1283 

Bachelor,  J. 

Metro  Media,  Inc. 

441  —  Boone  Ave. 

Golden  Valley,  MN  55427 
(612)  546-1111 

Blazer,  Robert  K. 

General  Dynamics 
P.O.  Box  81127  MS  7-102 
San  Diego,  CA  921 38 
(714)  279-7301  x3146 

Brown,  Thomas  B. 

Hughes  Aircraft  Co. 

61 55  El  Camino  Real 
Bldg.  736  M/S  101 
Carlsbad,  CA  92008 
(714)  438-9191  x360 

Budinger,  A.  Bowman 
GTE  Laboratories 
40  Sylvan  Rd. 

Waltham,  MA  02154 
(617)  890-8460 

Byrd,  David  J.P. 

Aeronutronlc  Ford  Corp. 

3939  Fabian  Way 
WDL  Division  MS  U-50 
Palo  Alto,  CA  94303 
(415)  494-7400  x6078 

Chang,  Ifay  F. 

IBM 

P.O.  Box  218 
Research  18-1 50 
Yorktown  Heights,  NY  10598 
(914)  945-1234  or  (3000  Message) 

Church,  Glenn  L. 

Control  Data  Corp. 

2401  Fairview  Ave.  N. 

Terminal  Prod.  Dev. 

St.  Paul,  MN  55113 
(61 2)  482-4379 

Coleman,  William  E. 

National  Electronics 
Keslinger  Rd. 

Geneva,  I L  60134 
(312)  232-4300 

Distler  Robert  C. 

Raytheon  Co. 

528  Boston  Post  Rd. 

MS  3341 

Sudburv.  MA  01776 
(617)  443-9521  x2841 


DuPuis,  Patricia,  A. 
Hughes  Aircraft  Co. 
Centinela  &  Teale 
Display  Systems  Lab. 
Culver  City,  CA  90230 
(213)  391-0711  x441 8 

Fowler,  Vernon  J. 

GTE  Laboratories 
40  Sylvan  Rd. 
Waltham,  MA  02154 
(617)  890-8460  x729 


Hughes,  Arthur  D. 

Hughes  Associates,  Inc. 

1162  Norsam  Rd. 

Gladwyne,  PA  19035 
(215)  LA  5-3032 
Ingvaldsen,  Russell  E. 

Revere  Asso. 

3621  Stinson 
Minneapolis,  MN  55418 
(612)  781-2615 
Inoguchl,  Toshio 
Central  Research  Labs. 

Sharp  Corp.  2613  -Point  1 
Ichlnomoto  Tenri  City, 

Nara  632  Japan 

Kulwin,  Bernard 
AMP  Inc.  Capitron  Div. 
10080  N.  Wolfe  Rd. 
Cupertino,  CA  95014 
(408)  255-3830 

Loshin,  Albert  M. 

SUNY  at  Stony  Brook 
ESE  Dept. 

Stony  Brook,  NY  11794 
(516)  246-8418 

Loucks,  Bryan  E. 
Aeronutronic-Ford  Corp. 
3939  Fabian  Way  WDL  Z20 
Palo  Alto,  CA  94303 
(415)  494-7400  x5135 


Maldoon,  Lynn  M. 

Hughes  Aircraft  Co. 
Centinela  Ave.  &  Teale 
M/S  197 

Culver  City,  CA  90230 
(213)  391-0711  x3349 

Markin,  Joseph 
Zenith  Radio  Corp. 

6001  W.  Dickens  Ave. 
Research  Plant  #1  Rm.  270 
Chicago,  IL  60656 
(31  2)  745-4860;  745-4861 

Martin,  F.  Wayne 
Methode  Development  Co. 
7447  W.  Wilson  Ave. 
Chicago,  I L  60656 
(312)  867-9600 

Mito,  Sanai 

Central  Research  Labs 
Sharp  Corp.  2613  -Point  1 
Ichinomoto  Tenri  City, 

Nara  632  Japan 
(TWX)  05  522  184 
ELSI  Sharp  Nar. 

Mulley,  William  G. 

Naval  Air  Develop.  Center 
MS  54P3 

Warminster,  PA  18974 
(215)  OS  2-9000  x241 1 


THE 


•  ALL  SOLID  STATE  DESIGN 

•  5”  TO  25”  SCREEN  SIZES 

•  COLOR  OR  BLACK  AND  WHITE 

•  HIGH  RESOLUTION 

•  LARGE  SIGNAL  PROTECTION 

•  UNITIZED  OR  RACK  MOUNTED 

•  %°X-Y  PHASE  MATCH 


Okamoto,  Howard  K. 

Aydin  Controls 
414  Commerce  Dr. 

Ft.  Washington,  PA  19034 
(215)  542-7800 

Paley,  Alfred  I. 

Loral  Electronic  Sys. 

999  Central  Park  Ave. 
Yonkers,  NY  10704 
(914)  968-2500  x417 

Pleshko,  Dr.  Peter 
IBM  Corp. 

Neighborhood,  Rd. 

Sys.  Communication  Div. 
53M002 

Kingston,  NY  12401 
(914)  383-2282 

Rubin,  Nathan 
Aeronutronic  Ford  Corp. 
3900  Welsh  Rd. 

WDL-Willow  Grove  Operation 
Willow  Grove,  PA  19103 
(215)  OL.  9-7700  x427 

Shurson,  Robert  W. 

Control  Data  Corp. 

2401  N:  Fairview  Ave. 
RVLOPS  -TPMD  RVL019 
St.  Paul,  MN  55113 
(612)  482-4433 

Spencer,  Gordon  R. 

Raytheon  Co. 

465  Center  St. 

Quincy,  MA  02169 
(617)  479-5300 

Stoddard,  Robert  D. 

Sanders  Associates,  Inc. 

Daniel  Webster  Hwy. 

MDS  N HQ-1 -379 
Nashua,  NH  03060 
(603)  885-5280 

Sullivan,  James  J. 

Advanced  Techniques 
3848  E.  Colorado  Blvd. 
Pasadena,  CA  91 107 
(213)  681-1093 

Suzuki,  Chuji 
Sharp  Corp. 

Engineering  Div. 

2613  1  Ichinomoto 
Tenri  City  Nara  632 
Japan 

Tannas,  Jr.  Lawrence  E. 
Rockwell  International 
Mira  to  ma  Ave. 

Autonetics  GF  10 
Anaheim,  CA  92803 
(714)  633-4995 

Wickersham,  Ray  S. 

General  Dynamics 
Kearny  Villa  Rd. 

Electronics  7-48 
San  Diego,  CA  92117 
(714)  279-7301  x3294 

Wilson,  Dr.  I. 
Rauland-Division 
Zenith  Radio  Corp. 

2407  W.  North  Ave. 
Development  Engineering 
Melrose  Park,  I L  60160 
(312)  345-4700  x2402 


CIRCLE  8 


WU  show  you  the  widest  choice 
of  flat  face  2TCirrs  on  the  market. 


Name  your  display  system  requirement  and  the  odds 
are  high  that  Raytheon  makes  the  23"  (58cm)  CRT  you 
need.  Look  at  a  few  of  the  choices: 


Focus  Type 

Focus 

Voltage 

Neck  Size 

Type  No. 

Electrostatic 

High 

l7/ie" 

CK  1498 

Electrostatic 

Low 

(3.7cm) 

CK  1442 

Magnetic 

— 

CK  1611 

Electrostatic 

High 

lVs" 

CK  1668 

Electrostatic 

Low 

(2.9cm) 

CK  1727 

Electrostatic 

High 

CK  1682* 

‘with  deflection  yoke  attached,  ruggedized  to  withstand  100  G  shock. 

And  there’s  more.  Raytheon  23"  CRTs  are  ruggedized 
and  performance-proven  in  dozens  of  applications  around 
the  world.  In  Air  Traffic  Control  Displays,  Shipboard 
Radar  Systems,  Interactive  Computer  Graphics  Displays. 
And  the  reasons  are  clear  . . .  they  provide: 

High  Legibility  . . .  with  spot  size  and  center-to-edge 
uniformity  maximized  because  they’re  specially  designed 
for  applications  where  high  information  legibility  is 
critical. 

Choice  of  Phosphors  . . .  available  in  all  standard 
phosphors,  and  in  special  phosphors  that  permit  2-color 
information  —  high  refresh  alpha-numerics  in  one  color, 
raw  radar  PPI  data  in  the  second  color  — with  no  anode 
switching  required. 


Flat  face  23s  are  just  one  example  of  Raytheon’s  wide 
choice  of  versatile,  ruggedized,  performance-proven  CRTs 
that  are  available  in  sizes  from  3"  (7.6cm)  up  for  airborne, 
shipboard,  ATC,  and  terminal  applications.  Rayvue® 
narrow-band,  contrast-enhancement  filters,  and  fully- 
packaged  CRT  assemblies  for  severe  environments  are 
also  available. 

Now,  if  you  want  complete 
application  data  — 

The  rest  is  up  to  you... 

i . i 

Marketing  Manager 
Raytheon  Company 
465  Centre  Street 

Quincy,  Mass.  02169  617-479-5300 
Please  send  me  information  on  Raytheon  CRTs 

Type  No - (check  here  for  complete  line  dataO  | 

Name _ Title _  1 

Company _ J 

Address _ _  _  _  _ _ _  _  ■ 

City - State _ Zip _ I 

Call  me  at _ _ _  ® 

SID-3  J 


RAYTHEON 


mart  e  t 


